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Running	α:	recap	for	LO	µ-e	elastic	scattering	
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Δα(t)	=	Δαlep(t)	+	Δαhad(t)	

Simple	kinematics:		t	≅-2	me	Ee					
Ee	can	be	determined	from	the	scattering	angle	θe	and	the	beam	energy	



Running	α
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The	running	of	α is	most	easily	exposed	by	taking	ratios	of	the	observed	distribution	
of	the	momentum	transfer	t	(or	equivalently	the	Feynman	x	variable,	or	the	electron	
angle)	and	the	theory	expectation	from	MC	calculated	for	a	coupling	corresponding	
to	no	running	(left)	or	the	prediction	for	only	leptonic	contribution	to	the	running	
(right).		
	
Example	toy	experiment	shown	with	statistics	corresponding	to	the	nominal	
integrated	Luminosity	L	=	1.5	x	107	nb-1	
	
TOTAL	RUNNING	=	Lep	+	Had	 	HADRONIC	RUNNING	



ERRATA	CORRIGE	
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The	below	result	shown	at	CERN	was	buggy:	I	had	by	mistake	set	the	muon	mass	to	103	
its	value,	so	its	contribution	was	disappearing	!	

CHECKS:	
	
Leptonic	running	
was	wrong		
	
No	effect	on	the	
results	of	the	
hadronic	running		



Parametrization	of	the	Hadronic	running	
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From	the	CERN	workshop	

Now	using	a	modified	Lepton-Like	function	(Carloni’s	ansatz),	with	2	parameters:	
K’	and	M	where	K’=K/M	to	give	the	dominant	low-t	behaviour	of	the	hadronic	running.	
This	change	to	overcome	a	strong	(anti)correlation	(~99.8%)	of	the	original	K	and	M	
observed	with	the	template	fits.	

Polinomial	2nd	order	used	as	
a	cross	check.	

These	forms	of	Pol.	3rd	order	
and	Pade’	are	not	
constrained	enough	by	our	
precision	

Modified	Lepton-Like:	in	
the	functional	form	replace	
K	with	K’	M.	
The	(anti)correlation	is	
reduced	to	~-0.82,	still	
strong	but	workable	



IDEAL	case:	pure	statistical	sensitivity	
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Shown	at	CERN	workshop	for	Leading	Order	MC	



NLO	and	selection	
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In	addition	to	the	
inclusive	selection,	
which	is	good	for	the	
muon	angular	
distribution,	I	tested	a	
selection	with:	
	
θµ	>	0.2	mrad	
	
which	(at	least	for	
pure	signal	at	NLO)	is	
useful	for	the	electron	
angular	distribution	
	
Also:	tested	
sensitivity-based	
selections,	cutting	
around	the	elastic	
band,	mostly	as	a	
check	by	now		



Experimental	Smearing	sources	
Studied	with	a	Fast-MC	approach:	
	
•  CMS-like	parametrization	(by	Antonio)	of	the	angular	resolution	as	

a	function	of	momentum,	considering	1cm	Be	target	and	a	tracking	
station	made	of	3	x	and	3	y	CMS	modules	(each	with	double	layer,	
in	total	~12	300um	Si	layers,	i.e.	3.6	mm	Si).	This	parametrization	
includes	both	the	intrinsic	resolution	and	the	material	effect	of	the	
detector.	

•  Ideal	detector	parametrization,	consisting	of	1cm	Be	target	and	a	
baseline	0.02	mrad	angular	resolution	(as	in	our	EPJC	paper).	

•  Beam	Energy	smearing:	assumed	E=150	GeV	but	studied	the	effect	
of	a	smeared	beam	with	3.75%	energy	spread	(special	MC	samples	
by	Carlo)	

•  (not	yet)	Bremsstrahlung	effect	on	the	scattered	electron.	Antonio	
has	a	good	parametrization	for	this	effect,	but	it	should	not	have	a	
big	impact.	
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NLO	template	fit	of	α(t)	
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There	is	no	more	a	unique	t	variable	related	to	the	running	α(t)	in	any	given	event	
The	relevant	t	depends	on	the	amplitude	and	is	the	one	calculated	from	the	fermion	
line	without	the	radiated	photon.	
	
The	NLO	matrix	element	for	real	emission	is	the	sum	of	three	contributions	related	
to	the	emission	of	a	photon	from	one	or	the	other	fermion	line	and	their	
interference.	
The	full	matrix	element	can	be	reweighted	according	to	this	splitting	in	3	pieces,	
using	a	parametric	function	for	the	Δαhad	.	(reweighting	core	code	by	Carlo)	

At	NLO	a	simple	fit	
with	an	analytical	
function	is	not	
possible	anymore	

Extraction	of	the	running	alpha	has	to	use	a	template	method	



Template	fits	

8/May/2019	 G.Abbiendi	 14	

Implemented	and	validated	with	the	following	sequence:	
	
ü  Template	fit	of	LO	electron	angle	distribution,	to	be	compared	with	the	simple	

analytical	fit	obtained	for	the	CERN	workshop	
ü  Template	fit	of	LO	muon	angle	distribution	(inclusive),	to	be	compared	with	the	

electron	one	
ü  Template	fit	of	NLO	muon	angle	distribution,	to	be	compared	with	LO	muon	
ü  Template	fit	of	NLO	electron	angle	distribution	with	a	selection	θµ	>	0.2	mrad	
ü  Template	fit	of	NLO	electron	angle	distribution	(inclusive	!)	
ü  Template	fit	of	NLO	2D	distribution	of	electron	and	muon	angles,	both	inclusive	and	

with	different	kind	of	selections	
ü  All	cases	have	been	checked	both	for	the	ideal	(generator	level)	distributions	and	for	

the	experimental	(detector	level)	distributions,	using	the	given	models	
ü  Effect	of	the	beam	energy	spread	corresponding	to	the	M2	muon	beam	studied	as	

another	experimental	effect	

Technical	details	(important	contribution	by	Paolo)	
strong	correlation	between	the	two	fit	parameters,	overcome	with	a	modified	parametrization	
Fit	stability	tested	with	two	different	strategies:	exact	algebraic	chi2-minimization	and	numerical	
minimization	using	ROOT.	Both	methods	give	the	EXACT	SAME	results	except	for	extremely	
pathological	cases.	
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Template	fit	of	muon	angle	(NLO	inclusive,	with	
detector	resolution	and	beam	E	spread)	
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Electron	angle	(NLO,	θµ>0.2	mrad,	detector	resolution	
and	beam	E	spread)	
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Electron	angle	(NLO,	inclusive,	detector	resolution	and	
beam	E	spread)	
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2D	fit	of	electron-muon	angles	
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Expected	Had	Running	Significance	>	0.05	
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Expected	Had	Running	Significance	>	20	
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Conclusions	
Ø  Measurement	of	α needs	smart	approaches	to	overcome	the	technical	difficulty	of	

simulating	~1013	events,	which	have	to	be	processed	quickly	with	variable	
selections	and	detector	parameters	to	study	the	experimental	systematics.	
v  The	analysis	workflow	has	to	use	a	Fast	simulation	approach	

²  Detector	response	has	to	be	parameterized	on	Full	GEANT4	simulation,	and	in	the	real	experiment	it	
will	have	to	be	determined	from	real	data,	as	the	GEANT4	description	of	basic	processes	(e.g.multiple	
scattering)	will	not	be	sufficient	to	meet	the	needed	precision.	

v  Radiative	corrections:	NLO	QED	effects	have	to	be	taken	into	account,	as	they	impact	the	
measurement	as	much	as	the	detector	effects	(or	in	some	cases	more).	

v  We	think	to	have	figured	out	a	strategy	->	DONE	and	Validated	
	
Ø  On	the	path	discussed	at	the	CERN	workshop:	complete	fit	of	the	signal	including	

detector	resolution	effects	and	beam	energy	spread	is	done.	

Ø  To-Do:	systematic	tests	with	real	systematic	errors.	
Ø  Beam	energy	calibration	to	be	tested	first:	Carlo	already	prepared	MC	samples	with	energy	

shifted	by	+/-	1	–	5	MeV,	according	to	our	expected	accuracy.	
Ø  Other	systematic	tests	will	follow	

Ø  Priority:	write	section	on	the	LoI	(on-going)	

Ø  There	is	still	much	to	be	done	… 	
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