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outline	

•  global	EW	fit	status	
status	and	perspecKves	of		

•  W	mass,	width,	decay	couplings		
•  Z	pole	A,	sin2θW,	couplings,	αQED	

•  EW	gauge	self	couplings	
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EW	fit	status			
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arXiv:1407.3792	

mW	is	the	loose	end	of	the	EW	fit	



EW	fit			
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W	boson	mass	:	LHC	Run1		
fit	to:	pTl		and		mT	ATLAS:	arXiv:1701.07240			with	4.1-4.6/\	@7	TeV		

•  Lepton	pT	→	affected	by	pT(W)	uncertainKes	(PDF/QCD)	
•  Missing	ET	→	affected	by	detector	resoluKon	effects		
•  mT	→	compromise	between	TH	and	EXP		
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W	mass		LHC	Run1	
ATLAS:	arXiv:1701.07240				
with	4.1-4.6/\	@7	TeV		

stability	per	channels,	ficed	
distribuKons	and	kinemaKc	ranges	
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W	mass	at	Run2-3	&HL-LHC	
	

will	go	down	!	

improve	e,μ	energy	
calibraKon		

W	pT	spectrum	

higher	order	correcKons	

improve	PDF	uncertainty			

~	XX	MeV	?	
Beijing	07/11/17	 P.	Azzurri	-	LHC	&	CEPC	:	EW	Physics		 7	



W	boson	mass	:	e+e-	

ALEPH	Eur.Phys.J.C47:309	(2006)	:	683	/pb		~10k	WW	events	
ignoring	low	energy	par-cles	in	the	qqqq	channel	
mW	=	80440±43(stat.)±24(syst.)±9(FSI)±9(LEP)		MeV	
ΓW	=	2140	±90(stat.)	±45(syst.)	±46(FSI)	±	7(LEP)	MeV		
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full	mW	reco	with	kinemaKc	fit.	main	ingredients	:			
ECM	–	jet/lepton	angles	–	(jet	boost	)	
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mass	of	the	W	boson	:	e+e-	

lepton	and	jet	uncertainKes	
from	(Z)	calibraKon	data	

CEPC	5/ab@240GeV		
è 80M		W-pairs:	

LEP2	x	2000		

è	ΔmW	(stat)=	0.5	MeV	
è	ΔmW	(syst)	≤		X	MeV		?			

Is	ΔEbeam~	1MeV		at	
ECM=240	GeV	possible	?				
	
With	Zγ	events	?	
ΔEbeam~15MeV(stat)	@LEP	
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mass	of	the	W	boson	:	e+e-		threshold	
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LEP2	:	4x10/pb			~4x30	events	
è	mW	=	80.40±0.21	GeV			
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CEPC:	X/ab	è	ΔmW(stat)=	1	MeV	/√X	

Max	stat	sensiBvity	at		
√s~2mW+400MeV	

Δmw≈1	MeV	would	require	
ΔE(beam)<1		MeV	(10-5)	

Δε/ε,	ΔL/L	<	10-3	
ΔσB<2	U	(~10-2)	
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mass	&	width	of	the	W	boson	:	e+e-	
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Measure	σww	in	two	
energy	points	E1,	E2	with	
a	fracKon	f	of	lumi	in	E1	
è	extract	both	mW	&	ΓW	

dσWW/dΓW	=0		
at	ECM~162.3	GeV			

luminosity fraction
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ΔmW=0.62	ΔΓW=1.5		ΔmW=0.56	(MeV)	

[FCC	ee]	

èΔαS≈(3	π/2)ΔΓ/Γ≈		0.003		

FCCee	



W	decay	BR		
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23/02/2005
W Leptonic Branching Ratios
ALEPH 10.78 ±  0.29
DELPHI 10.55 ±  0.34
L3 10.78 ±  0.32
OPAL 10.40 ±  0.35

LEP W→eν 10.65 ±  0.17
ALEPH 10.87 ±  0.26
DELPHI 10.65 ±  0.27
L3 10.03 ±  0.31
OPAL 10.61 ±  0.35

LEP W→µν 10.59 ±  0.15
ALEPH 11.25 ±  0.38
DELPHI 11.46 ±  0.43
L3 11.89 ±  0.45
OPAL 11.18 ±  0.48

LEP W→τν 11.44 ±  0.22

LEP W→lν 10.84 ±  0.09
χ2/ndf = 6.3 / 9

χ2/ndf = 15.4 / 11

10 11 12
Br(W→lν) [%]

Winter 2005 - LEP Preliminary

23/02/2005

W Hadronic Branching Ratio

ALEPH 67.13 ±  0.40

DELPHI 67.45 ±  0.48

L3 67.50 ±  0.52

OPAL 67.91 ±  0.61

LEP 67.48 ±  0.28
χ2/ndf = 15.4 / 11

66 68 70

Br(W→hadrons) [%]

Winter 2005 - LEP Preliminary

Lept	universality	test	at	2%	level	
tau		BR		~2.7	σ	larger	than	e/mu	

è	CEPC	@	4	10-4	level		

q/	l	universality	at	0.6%	
è	CEPC	@	10-4	level		

will	need	very	good	control	of	lepton	id	
i.e.	cross	contaminaKons	in	signal	channels		
(	τàe,μ	in	the	e,μ	channels	and	v.v.	)	

5/ab@240GeV		
è 80M		W-pairs		

è ΔBR(qq)	(stat)	=[1]	10-4	(rel)	
è 	ΔαS≈(9	π/2)ΔBR≈	10-3	

		
è ΔBR(e/μ/τv)(stat)=[4]10-4	(rel)	

Flavor	tagging	would	allow	to	measure	coupling	to	c	&	b-quarks	(Vcs,	Vcb,..	)		



LHC	:	AFB	and	sin2θeff	
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CMS: PAS SMP-16-007 :	
18.8-19.6/\	@8TeV



LHC	:	AFB	and	sin2θeff	
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CMS: PAS SMP-16-007 	

ATLAS:	JHEP	1509	(2015)	49	
4.8/\	@7TeV	
	
LHCb:JHEP	1511	(2015)	190	
1/\+2/\		@7+8	TeV	

LHCb	high	rapidity	yields	less	AFB	diluKon		

LEP+SLD	sKll	~3	Kmes	becer	



HL-	LHC	:	AFB	and	sin2θeff	
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CMS	PAS	FTR-17-001	

reach	LEP+SLD		
precision	with	1/ab	

(maybe	improve	with	3/ab)	



CEPC	Z	pole	precision	
109-1011	Z	decays			:		LEP1	x	102-4		

conKnuous	ECM	calibraKon	(resonant	depolarizaKon)	
Z	mass	and	width	:	500	KeV	(syst)		
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IHEP-CEPC-DR-2015-01	
pre	CDR		



Z	pole	acceptance	
•  @LEP	acceptance	effects	at	10-4	

OK	for	cross	secKons	at		10-3	level.	
Main	effects	were	due	to	track	
losses,	angle	mis-measurements		
and	knowledge	of	boundaries.	

•  @CEPC		exploit	a	staKsKcal	
uncertainty	at	some	10-5			

	
Example	from	ALEPH,	EPJC	14	(2000)	1	

@LEP	detectors	inner	edge	(relevant	boundary)	was	known	at	the	level	of	up	to		20	μm	
The	beam	displacement	(verBcal	and	horizontal)	becomes	ineffecKve	by	choosing	two	
fiducial	regions	(loose	and	Bght)	and	alternaBng	them	in	the	two	sides		
	
@CEPC	can	use	similar	methods	for	cross	secBons	measurements	(e.g.	different	and	
alternaKng	forward	and	backward	fiducial	regions),	but	sKll	need	to	idenKfy	and	know	
well	the	relevant	boundaries	(~5μm	level)	
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couplings	and	Rb	

•  Rb	Very	sensiKve	to	rad.	vertex	correcKons	due	to	new	parKcles		
•  Important	to	sort	out	LEP	b-couplings	issue	
•  Measurement	exploits	the	presence	of	two	b	hadrons	and	b-tagging.	
•  Independent	from	b-tagging	efficiency,	but	not	from	hemisphere	correlaBons	
•  Higher	b-tagging	performance	(vertex	detectors)	helps	in	reducing	the	correlaKon	
•  CorrelaKons	sources	should	be	idenKfied	and	studied	with	data		(done	at	LEP)		

couplings	measurements	require	asymmetry	and	width	raKos		

had
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ΔRb	≈5	(5-20)	10-5			stat	(syst)	 ΔRc	≈10	(50)	10-5			stat	(syst)	



Direct	measurement		of	αQED(mZ
2)	
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Patrick	Janot:					arXiv:1512:05544,		JHEP	2016(2)	1	

-e

+e

, Zγ

-µ

+µ

EW	high	precision	will	require	higher	order	perturbaKve	
calculaKons	:	a	bojleneck	will	be	represented	by	the	
hadronic	contribuKons	to	the	vacuum	polarizaKon		
	
Direct	measurement	with	the	forward-backward	asymmetry	
	

OpKmal	centre-of-mass	energies	
	√s-	=	87.9	GeV	and	√s+	=	94.3	GeV	

5 Conclusions and outlook

In this paper, it has been shown that the measurement of the muon forward-backward
asymmetry at the FCC-ee, with six months of data taking just below (

p
s = 87.9GeV) and

just above (
p
s = 94.3GeV) the Z peak, as part of the Z resonance scan, would open the

opportunity of a direct measurement of the electromagnetic constant ↵QED(m
2
Z), with a

relative statistical uncertainty of the order of 3⇥ 10

�5.
A comprehensive list of sources for experimental, parametric, theoretical systematic

uncertainties has been examined. Most of these uncertainties have been shown to be under
control at the level of 10

�5 or below, as summarized in Table 1. A significant fraction
of those benefits from a delicate cancellation between the two asymmetry measurements.
The knowledge of the beam energy, both on- and off-peak, turns out to be the dominant
contribution, albeit still well below the targeted statistical power of the method.

Type Source Uncertainty
Ebeam calibration 1⇥ 10

�5

Ebeam spread < 10

�7

Experimental Acceptance and efficiency negl.
Charge inversion negl.
Backgrounds negl.
mZ and �Z 1⇥ 10

�6

Parametric sin

2 ✓W 5⇥ 10

�6

GF 5⇥ 10

�7

QED (ISR, FSR, IFI) < 10

�6

Theoretical Missing EW higher orders few 10

�4

New physics in the running 0.0

Total Systematics 1.2⇥ 10

�5

(except missing EW higher orders) Statistics 3⇥ 10

�5

Table 1. Summary of relative statistical, experimental, parametric and theoretical uncertainties to
the direct determination of the electromagnetic coupling constant at the FCC-ee, with a one-year
running period equally shared between centre-of-mass energies of 87.9 and 94.3GeV, corresponding
to an integrated luminosity of 85 ab�1.

The fantastic integrated luminosity and the unique beam-energy determination are the
key breakthrough advantages of the FCC-ee in the perspective of a precise determination of
the electromagnetic coupling constant. Today, the only obstacle towards this measurement
– beside the construction of the collider and the delivery of the target luminosities – stems
from the lack of higher orders in the determination of the electroweak corrections to the
forward-backward asymmetry prediction in the standard model. With the full one-loop
calculation presently available for these corrections, a relative uncertainty on Aµµ

FB of the
order of a few 10

�4 is estimated. An improvement deemed adequate to match the FCC-ee
experimental precision might require a calculation beyond two loops, which may be beyond

– 20 –

Two	measurements	with	
possible	cancellaKon	of	some	

correlated	syst	effects	



W/Z/γ	couplings	LEP2/TeV/LHC	
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gauge	cancellaKons		

Run1	LHC	~	LEP2	
HL–LHC	~	Run1	x	102	

5/ab@240	~	LEP2	x	2�103	



summary	
•  EW	physics	at	the	LHC	is	a	challenging	business	

–  most	promising	advances	with	Run2-3	and	HL	will	come	in	the	
context	of	VBF	and	VBS	processes	(	&	quarKc	couplings)	

–  improvements		on	diboson	&	TGC	limits	should	be	at	hand	
–  hard	work	on	systs	can	deliver	W	mass	and	sin2ϑ	with	some	

improvement	over	current	precision	

•  CEPC	would	deliver	game	changing	precision	for	EW	
parameters	
–  possible	x	10-100	improvement	factors	to	LEP1	&	2	precision	
–  W	mass	and	width	to	~1	MeV	(make	a	visit	to	the	threshold	if	

possible)		
–  Z	pole	physics	also	very	worth	to	be	exploited	
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