
	

Projected	muon	EDM	sensi2vity	at	
FNAL	

Oct	1st	2019	



Outline	
  FNAL	experimental	technique	
  How	an	EDM	affects	the	g-2	experiment	
  How	we	measure	the	EDM	
  Early	look	at	systema2c	uncertain2es	
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Introduc2on	
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  The	FNAL	experiment	measures	the	precession	of	the	muon	spin	
vector	rela2ve	to	its	momentum	
  Primary	goal	is	to	measure	the	magne2c	dipole	moment	(MDM)	
  Detectors	are	op2mised	for	MDM	measurement,	but	are	sensi2ve	
to	a	permanent	EDM	
  Targe2ng	~1012	detected	positrons	(1011	tracks)	
  20	2mes	more	decays	than	at	BNL	
  BNL	set	the	current	limit	on	a	muon	EDM	

arXiv:	0811.1207	



The	g-2	experimental	technique	
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g-2	experiment	
  Store	longitudinally	polarised	muons	in	a	dipole	field	(~1.45T)	
  Measure	2	quan22es:	

ωa	-		the	precession	frequency	
  <B>,	the	average	magne2c	field	sampled	by	the	muon	distribu2on	

31/05/18	

Spin	Precession	frequency			 Cyclotron	frequency	

~140ns	@	FNAL	 ~149ns	@	FNAL	

Larmor	Precession			 Thomas	Precession			

  Spin	precession	>	2π	per	cyclotron	turn		
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μ+	decay	

  e+	preferen2ally	emifed	in	
direc2on	of	the	μ+	spin	
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Muon	rest	frame	

  Asymmetry	is	
larger	for	higher	
energy	positrons	
  Op2mal	cut	at	
~E	>	1.8	GeV	
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Effect	of	an	Electric	dipole	moment	
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EDM	in	a	storage	ring	
	
  A	muon	EDM	2lts	the	
precession	plane	of	
the	spin	vector	
  Causes	a	ver2cal	
oscilla2on	at	same	
frequency	as	
observed	g-2	signal	
  +/-	90°	out	of	phase	
(depending	on	sign)	
  Large	EDM	increases	
the	precession	
frequency	
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Tilt	angle	
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  The	2lt	of	the	precession	plane	is	determined	by	the	size	of	the	
EDM,	and	is	given	by:	
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Ver2cal	angle	boost	
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  The	precession	angle	due	to	the	EDM	
is	reduced	by	the	Lorentz	boost	
  Neglec2ng	the	ver2cal	component	of	
the	muons	momentum	a	simple	
formula	can	be	derived:				

Δy	

Δx	

δ	



Decay	asymmetry	
  There	is	a	further	reduc2on	due	to	fact	that	not	all	positrons	are	
emifed	in	the	muons	momentum	direc2on,	and	due	also	to	
detector	acceptance	
  Using	simula2on,	this	is	es2mated	to	be	~10%,	as	was	the	case	
for	the	Brookhaven	experiment	
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Decay	asymmetry	vs	momentum	
  Unlike	the	MDM	it	is	the	low	energy	positrons	carry	the	EDM	signal	

	
	
  However	very	low	energies	contain	less	informa2on	about	the	
muon	polarisa2on	direc2on,	so	a	lower	and	upper	bound	on	the	
positron	energy	is	used	
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for	EDM	of	
	dη	=	1.8×10-16	e.cm	



Detectors	in	the	FNAL	E989	experiment	
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Detectors:	Calorimeters	
  24	calorimeters	placed	on	the	inside	of	the	ring	
  Each	with	and	array	of	6	×	9	lead	flouride	crystals	

  Detect	the	incident	decay	positrons	and	measure	arrival	2me	
and	energy	
  Can	measure	the	radial	and	ver2cal	posi2on	of	incident	decay	
positron	with	an	accuracy	<	3mm	
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Detectors:	Trackers	
  2	tracking	detectors	placed	around	the	inside	of	the	ring,	90°	apart	
  In	front	of	2	of	the	24	calorimeters	

	

  Measure	the	decay	positron	tracks	and	give	radial	and	ver2cal		
posi2onal	and	angular	informa2on,	and	a	track	that	points	back	to	
the	decay	point…	
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Track	extrapola2on	
  The	measured	tracks	are	extrapolated	back	through	the	
magne2c	field	to	the	storage	ring	using	a	Runge-Kufa	algorithm	
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Decay	e+		
Top	down	view	of	ring	sec2on	 Vacuum	Chamber	

Calorimeters	 Tracker	

  This	gives	us	an	approximate	radial	and	ver2cal	decay	posi2on,	
and	also	the	ver2cal	decay	angle	



Es2ma2ng	decay	posi2on	
  It	is	only	an	approxima2on	of	the	decay	posi2on,	as	the	exact	
decay	point	is	ambiguous:	
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  This	introduces	a	bias	in	the	radial	posi2on	measurement	of	
approximately	1mm,	but	has	a	smaller	effect	on	the	ver2cal	
decay	angle	measurement	



Ver2cal	angle	measurement	
  The	error	in	the	angle	
from	using	the	
approximate	decay	
posi2on	is	about	2mrad	
  This	corresponds	to	an	
EDM	of	5	×	10-16e.cm!	
  However	it	is	the	average	
measured	ver2cal	angle	
that	counts	
  Therefore	it	is	the	error	
on	the	mean	that	
determines	our	ul2mate	
sensi2vity	
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When	full	tracking	is	taken	into	account,	the	overall	uncertainty	on	the	angle	is	~5	mrad	



Systema2cs	
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What	else	causes	a	ver2cal	oscilla2on?	
  Radial	field	

  Together	with	acceptance	effects	the	radial	field	can	cause	a	ver2cal	
oscilla2on	at	the	g-2	frequency	

  Measured	as	a	func2on	of	azimuth,	but	is	effected	by	temperature	
fluctua2ons	in	the	hall	

  BR	<	3	×	10-4T,	slightly	larger	than	BNL	
  Beam	oscilla2ons		

  The	beam	oscillates	(due	to	betatron	oscilla2ons)	ver2cally		
  The	beam	is	tuned	such	that	these	oscilla2ons	do	not	occur	at	the	g-2	
frequency	

  Detector	misalignments	
  Difference	in	inward	and	outward	decays	together	with	a	misalignment	
can	cause	a	false	EDM	signal	
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Alignment	
  We	expect	the	angle	of	the	beam	to	vary	as	a	func2on	of	
azimuth	due	to	the	radial	field	
  Each	tracker	will	measure	a	different	ver2cal	angle	around	the	
ring,	however	should	be	opposite	signs	
  Need	to	add	in	the	measured	ver2cal	alignment	and	uncertainty	
to	determine	the	size	of	the	systema2c	uncertainty	
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Using	plot	on	the	lex	the	decay	angle	vs	
extrapolated	distance	can	be	used	for	an	
alignment	of	each	tracking	sta2on	(internal	
g-2	plot)	



Conclusions	
  The	FNAL	E989	experiment	is	an	improvement	on	the	BNL	
experiment,	which	set	the	current	best	limit	on	the	muon	EDM	
  A	muon	EDM	causes	a	ver2cal	oscilla2on	at	the	g-2	frequency	
(but	90°	out	of	phase)	
  Tracking	detectors	can	measure	an	approximate	decay	angle,	
and	monitor	any	varia2on	throughout	the	fill	
  Using	these	improved	traceback	detectors	and	higher	sta2s2cs	
the	limit	is	expected	to	improve	by	a	factor	10	
  Effect	of	slightly	increased	radial	field	and	alignment	s2ll	need	to	
be	determined,	early	indica2on	suggest	a	~1mrad	correc2on	is	
needed	
  Nothing	yet	to	suggest	goal	will	not	be	met!	
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