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Moriond	EW	Session	

•  There	is	a	lot	more	than	“just”	EW	
•  Spanning	from	B	physics	to	to	gravitaQonal	waves…	
•  From	precision	EW	tests	to	exploratory	searches	of	
dark	photons	

•  …Searching	new	parQcles	from	the	10-22	eV	scale	to	the	
LHC	and	highest	energy	cosmic	rays	

•  The	number	of	tools	and	techniques	has	never	been	so	
rich….overwhelming	to	summarize		

•  Studying	the	elusive	neutrinos	in	and	out	
•  OK,	so	let’s	start	with	….		



Heavy	Flavours		
•  CP-ViolaQon	in	B	at	the	LHC	[Garcia	Pardinas]		
•  Very	rare	decays	at	the	LHC		[van	Veghel]	
•  Measurement	of	CPV	in	charm	at	the	LHC	[Marino]	
•  Status	and	prospects	on	b	to	sll	decays	[De6ori]	
•  LFU	in	B	decays	as	a	probe	for	new	physics	[Langenbruch]	
•  Search	for	Leptoquarks	in	CMS	in	the	context	of	hints	of	

LFUV	[Takahashi]	
•  Isospin	asymmetries	in	B	to	K*	γ	and	hint	of	B+	to	µ+ ν
    [Mohan<]
•  Leptonic	and	semi	leptonic	D	decays	[Li]	
•  K+àπ+νν:	first	NA62	results	[Marchevski]	
•  Status	of	K0

Làπ0νν (KOTO)	[Nakagiri]	



CP-ViolaQon	in	B			
	

[Garcia	Pardinas]		

Ave	sQll	dominated	by	B-factories	but	LHCb	moves	on			



New	LHCb	combinaQon	for	γ/φ3	angle	[Garcia	Pardinas]	

	

Slight	“tension”	with	unitarity	fit”	

Most	precise	determinaQon	from	a	single		
Experiment	

Determined	from	tree	level	decays,	the	interpetaQon	is	
theoreQcally	clean	 New	LHCb	CombinaQon:	

Expect	4o	by	end	of	Run	2	



[Garcia	Pardinas]		

LHCb	

LHCb	



LHCb	

[Garcia	Pardinas]		



Kindly	summarized	in	one	slide!	



	[Marino]	 LHCb	



[Marino]	
LHCb	

[PRL 118 261803 (2017)] 	



SM	~	4	x	10-9	

NP?	

Brief	history:		
First	observaQon	in	2015		
By	CMS+LHCb			

ATLAS	2016	

LHCb	Update	2017		
Run1	+	1.4	h-1	Run2			

[Van	Veghel]	



Rare	Decays	with	l+	l-	in	final	states	
B(Bs

0 → τ +τ − ) < 2.1×10−3  [95% CL]
B(Bs

0 → τ +τ − ) < 6.8×10−3  [95% CL]
B(B0 → e±µ ∓ ) <1.3×10−9  [95% CL]  
B(Bs

0 → e±µ ∓ ) < 6.3×10−9  [95% CL] 
B(Ks

0 → µ+µ− ) <1.0×10−9  [95% CL] 
B(Σ+ → pµ+µ− ) = 2.1−1.2

+1.6 ×10−8  
B(Σ+ → pX 0 (→ µ+µ− )) <1.2×10−8  [95% CL]
B(Λc

+ → pµ+µ− ) < 9.8×10−8  [95% CL] 
B(D0 → π +π −µ+µ− ) = 9.64 ± 0.48± 0.51± 0.97×10−7

B(D0 → K +K −µ+µ− ) =1.54 ± 0.27± 0.09 ± 0.16×10−7  

[van	Veghel]	LHCb	

LHCb	as	a	
K0s	factory		



B	“Anomalies”	 [De6ori]	



[De6ori]	



Lepton	Flavour	Universality	in	B	decays	

[Langenbruch]	

New	results	
eagerly	awaited	



[Takahashi]	



[Mohan<]	Belle	



B+àµ+ν
[Mohan<]	Belle	



D	leptonic	and	semi-leptonic	decays	
[Huijing	Li]	

B(Ds
+ → µ+ν ) = 5.28± 0.15± 0.14×10−3  

B(D0 → π −µ+νµ ) = 0.267± 0.007± 0.007

B(D+ → π 0µ+νµ ) = 0.342 ± 0.011± 0.010

B(D+ → K 0µ+νµ ) = 8.72 ± 0.07± 0.18×10−2

B(D+ → K 0e+νe ) = 8.60 ± 0.06 ± 0.15×10−2  
B(D+ → π 0e+νe ) = 0.363± 0.008± 0.005×10−2

B(Ds
+ → K (*)0e+νe ) = 3.25± 0.38± 0.14×10−3    New Result 

B(Ds
+ → K 0e+νe ) = 2.38± 0.26 ± 0.12×10−3    New Result 



NA62:					K+àπ+νν			in-flight						[Marchevski]		

CERN	SPS	



NA62:					K+àπ+νν			in-flight		

[Marchevski]		

Data	from	2016	run	



NA62	

[Marchevski]		



[Nakagiri]	



Wrap	up	of	Heavy	Flavour	
•  There	is	some	progress	to	improve	the	determinaQon	of	the	CKM	angles	

with	run2	data	at	LHCb	
•  The	huge	D	sample	of	LHCb	provides	good	opportuniQes	to	search	for	CP-

violaQon	in	this	sector		
•  LHCb	is	becoming	a	general	purpose	experiment	able	to	get	best	limits	of		

rare	decays	with	pairs	of	muons	in	the	final	state	(among	other	things	it	
has	become	a	KS	factory…)		

•  New	results	are	eagerly	awaited	to	clarify	the	“B-anomalies”	
•  In	the	mean	Qme	at	high	energy	one	keeps	looking	for	soluQons	of	the	

puzzles	seeking,	for	instance,	LQ	at	high	mass	
•  Belle	is	close	to	observe	Bàµ ν
•  BESIII	conQnues	to	do	a	very	good		job	with	leptonic	and	semi-leptonic	D	

decays		
•  NA62	has	shown	the	first	K+àπ+νν	result	from	decays	in	flight	
•  KOTO	is	closer	to	open	the	signal	box	for		K0

Làπ0νν 	



Top/EW	Session		
•  The	phenomenological	intricacies	to	measure	the	top	mass	were	

detailed	by	Deliot.	As	we	enter	precision	top	physics,	and	given	the	
importance	of	the	top	mass	for	the	SM	fit	and	Higgs	potenQal,	
there	are	important	quesQons:	how	is	he	top	mass	defined?	
(Over)tuning	of	generators?PT	puzzle?Non-perturbaQve	effects?...		

•  The	top	mass	measurements	at	LHC	where	reviewed	by	Menke	
•  Brandt	and	Hays	reviewed	top	mass	and	EW	measurements	at	the	

Tevatron	
•  Associated	top		producQon	(lV	and	tV)	where	presented	by	

Sanchez…interesQng	to	compare	different	experiments	
•  The	recent	EW	measurements	in	CMS	and	ATLAS	were	presented	

by	Apyan/Bendavid	and	Helary/Scho6		respecQvely		
•  Finally,	a	medical	check-up	of	the	SM	was	presented	by	Kogler	in	

the	form	of	the	latest	fit	(Gfiler)	



Top	mass@LHC	/	Tevatron	

Method	 Channel	 ATLAS	(GeV)		(stat/syst/th)	 CMS	(GeV)	(stat/syst/th)	

Direct	 Lepton+Jets	 172.08	+/-	0.39	+/-	0.82	 172.25	+/-	0.08	+/-	0.62	

Direct	 Di-lepton	 172.99	+/-	0.41	+/-	0.94	 172.22	+/-	0.18	+0.89-0.93	

Direct		 Full	Hadronic		 173.72	+/-	0.55	+/-	1.01	 172.32	+/-	0.25	+/-	0.59	

Indirect	 l	+	1	jet	 173.7	+/-	1.5	+/-	1.4	+1.0-0.5		 169.1	+/-	1.1	+2.5	-3.1	+3.6-1.6		

Indirect	 Lepton+Jets	 170.6	+/-	2.7	

Indirect	 Di-lepton	 173.2	+/-	0.9	+/-	0.8	+/-	1.2	

Average	 172.51	+/-	0.50	 172.44	+/-	0.13	+/-	0.47*	

Table	compiled		from	the	talk	of	Menke	(LHC)	

Direct:	templates/ideograms													Indirect:	cross	secQon,	mtop
pole	

Method	 Tevatron	Combina<ons	

Template	/	matrix	element	 174.98	+/-0.58	+/-	0.49	

Cross	SecQon	 169.1	+/-	2.5	

CombinaQons	from	the	talk	of	Brandt	

*CMS	Legacy	



Top	PolarizaQon	(lepton+jets)	

[Brand]	

Also	recent		
Results	from	CDF	



AFB	/sin2θeff	

[Apyan/Bendavid]	

[Brandt]	

[Helary/Scho6]	



MW			

EPJC	78	(2018)	110		

[Hays]	

[Helary/Scho6]	

[Kogler]	

MW	[MeV]	



SM	FIT:	”Incredibly	Healthy”	

[Kogler]	



“The	BEH	News”	

•  Measurement	of	the	lH	coupling	at	ATLAS	
[Zanzi]	e	CMS	[Peruzzi]					à	Run2	36	h-1	

•  Associate	producQon	of	Hàbb	and	Hàcc	with	
W	and	Z	in	ATLAS	[Nielsen]	

•  Higgs	Rare	decays	[Marini]		
•  Higgs	masses	and	couplings	[Sperka]	
•  Diboson	final	states	[Nomidis]	
•  Search	for	HH	producQon	[Kagan]	



	Measurement	of	lH	couplings	
•  Top	Yukawa	coupling	(yt≃√2mtop/v≃1),	the	

coupling	between	the	two	heaviest	known	
parQcles,	is	a	key	parameter	of	the	SM		

•  Irreducible	backgrounds	from	lV	and	di-
boson	final	states	

•  Reducible	background	from	l		



[Zanzi]	



[Peruzzi]	



New	channel	in	CMS	

[Peruzzi]	



[Nielsen]	



[Nielsen]	



Higgs	Rare	Decays	in	CMS	 [Marini]	
B(Hàinv)<0.24	95%	CL	

Hàµµ

Tantalizingly	close…	



Higgs	Couplings	

•  Most	important	to	see	
how	standard	is	the	Higgs	
parQcle	

•  Large	combinaQon	of	
producQon	and	decay	
channels	

•  Progress	at	on	this	
subject	LHC	crucial	for	the	
future	of	parQcle	physics	

•  Spectacular	consistency	
so	far	

[Sperka]	

Massive	amount	of	results	summarized	in	
Sperka’s	talk	



[Sperka]	



MH	 ATLAS-CONF-2017-046	
[Sperka]	

JHEP11(2017)047	

CMS	
ATLAS	



[Nomidis]	



Search	for	HH	ProducQon	

hhàbbbb	

Background	QCD	

[Kagan]	



Wrap-up	of	“The	BEH	news”	

•  Remarkable	progress	on	lH,	evidence	of	the	signal	
with	SM	strength	is	building	up.	Nice	to	see	so	many	
results	based	on	Run2	(full	2016	staQsQcs)	

•  Advancing	in	a	steady	way	to	see	H(bb)	and	H(cc)	in	W/
ZH	associated	producQon	

•  Tantalizing	close	to	Hàµµ;	Hà	invisible	being	pinned	
down		

•  The	combinaQons	of	the	H	couplings	are	improving	
rapidly;	the	H	mass	is	in	good	shape	

•  The	sensiQvity	to	HH	producQon	is	“only”	a	factor	
20xSM	away	and	fast	improving	



BSM	(SUSY	and	ExoQcs)	

•  Search	for	Hàaa	CMS	[Caillol]	
•  Searches	for	BSM	scalars	in	ATLAS	[Stark]	
•  Dilepton	(ee,	mumu,	emu)	in	CMS	[Berry]	
•  Heavy	resonances	with	jet	sub-structure	techniques	
[Janski]	

•  Search	for	heavy	vector	quarks	in	ATLAS	[Nikiforou]	
•  Search	for	Higgsinos	and	related	challenges	[Mete]	
•  Progress	on	SUSY	final	states	with	sou	leptons	[Bo6a]	
•  Squorks	and	gluino	searches	with	RPV	[Barberis]		
•  Long-lived	parQcles	in	LHCb	[Borsato]	



Hàaaàbbττ
[Caillol]	

CMS-PAS-HIG-17-024	

New	Run	2	result	

SystemaQcs	



Searches	for	BSM	scalars	[Stark]	

HàZZ	

HàWW	

H/Aàττ



Searches	for	Heavy	Resonances			

[Berry]	

[Janski]	
	



[Berry]	



Search	for	Heavy	Quarks	

•  Vector	like	𝑻	masses	up	to	~1.2	to	1.4	TeV	are	
excluded	assuming	100%	𝐵𝑅	to	𝒁𝒕,	𝑾𝒃,	or	𝑯𝒕		

•  Vector	like	𝑩	masses	up	to	1.25	TeV	are	excluded	
assuming	100%	𝐵𝑅	to	𝑾𝒕		

•  ~𝟓𝟎𝟎	𝐆𝐞𝐕	impro-	vement	compared	to	previous	8	
TeV	ATLAS	result		

[Nikiforou]	



Higgsinos	searches	in	ATLAS	

[Mete]	TesQng	several	scenarios	with	compressed	spectra		



Higgsinos	search	in	CMS	(sou	leptons)	
[Bo6a]	 Also	Compressed	Stops	



[Seitz]	



[Seitz]	



ReinterpretaQon	of	SUSY	Searches	
		varying	amount	of	RVP	

[Barberis]	
Example:	Stop	model	varying	the	
strength	of	the	baryon	number	
violaQng	parameter	λ”323		
	

Weakest	points	in	the	
TransiQons	between	the	
analyses		



[Borsato]	
LHCb:	light	bosons	and	dark		

photons	searches	

First	limits	8.7-11.5	GeV	

Dark	Photon	

Light	Boson	



Wrap-up	of	BSM	(SUSY	&	ExoQcs)	
•  One	CMS	result	based	on	full	2016+2017	data	set	
•  Largest	deviaQon	from	background	only	3.6	sigma	local	(2.2	global)	

ATLAS	BSM	scalar	[relegated	to	backup	slide…]	
•  Most	analyses	will	remain	staQsQcally	limited	for	a	long	Qme	
•  Jet	substructure	becomes	important		
•  There	are	searches	with	“Lille	background,	no	signal	but	data”	(P.	

Janot)	
•  Interest	to	fit	broad	resonances	fits	in	addiQon	to	narrow	ones	
•  Moving	towards	lower	energy	SUSY	searches	(has	something	

escaped?)	
•  Introduce	some	amount	of	RPV	to	extend	to	reinterpret	SUSY	

searches	
		



Dark	Maler	Session	

•  ATLAS		Heavy	Mediator	Collider	[Lo	Sterzo]	
•  CMS	Heavy	Mediator	Collider	[Sung]	
•  XENON1T		LXe	TPC	[Coderre]	
•  DARKSIDE	LAr	TPC	[Franco]	
•  NEWS-G	spherical	proporQonal	counter	
[Katsioulas]	

•  ADMX2	Gen2	RF	Cavity	[Wolle6]	

•  nEDM			[Ayres]		



Dark	Maler	Searches	(examples)	

ATLAS/CMS			

XENON			

DAMPE	



[Sung]	



[Lo	Sterzo]	



XENON1T	LXe	TPC	



[Coderre]	

State	of	the	art	DM	Detector:	stay	tuned	



DARKSIDE	
•  Unique	feature:	pulse	shape	

discriminaQon	
•  New	results:	Low	Mass	(Best	

limit	background	free).	High	
mass	(of	course	not	
compeQQve	yet)	

•  DARKSIDE	20	tons			à	LNGS	
2021	

•  DARKSIDE	300	tons	à	
SLOLAB?	

[Franco]	



DARKSIDE:	New	Results	

BEST	LIMIT!!	

[Franco]	



NEWS-G	
-			Lowest	surface	to	volume	raQo			
-  Sustains	higher	pressure		
-  	Low	capacitance	⇾	Low	noise		
-  High	gain		
-  Anode	Ø	1	mm-6.3	mm)	
-  Event	discriminaQon	
-  FiducializaQon		

-  SEDINE	detector	at	LSM	

[Katsioulas]	



Next	detector	at	SNOLAB	

[Katsioulas]	



ADMX	Gen2	

Search	for	Axions	
To	solve	the	
Strong	CP	problem	

Simplicity	of	the	principle	

Experimental	complexity	

[Woolle6]	



ADMX	Gen2	 [Woolle6]	



nEDM	data		to	look	for	ALPs	
Byproduct	of	the	search	for	electric	dipole	moments	
OscillaQon	in	the	neutron	precession	frequency	
Data	from	ILL	and	PSI	sister	experiments	

[Ayres]	



First	Laboratory	limits	



Wrap	Up	Dark	Maler		
•  Interplay	of	direct	searches	and	Accelerator	searches	(high	

energy	and	beam	dump)	
•  Stay	tuned	for	new	XENON1T	result;	“salQng”	the	data	to	

protect	the	efficiency		
•  DARKSIDE:	already	best	limit	at	low	mass	with	just	20	Kg	of	

LAr	(New	results!)	
•  Direct	Collider	searches	complementary	to	Direct	detecQon	

experiments;	caveats	about	what	is	ploled,	these	are	not	
DM	colliders	

•  NEWS-G	with	H/He/Ne,	very	low	threshold	for	nuclear	
recoil	thanks	to	gas	gain	and	low	capacitance		

•  ADMX	2nd	GeneraQon	first	results	
•  Limits	on	ALPS		from	analysis	of	ILL/PSI	nEDM	data	



Neutrinos		
•  T2K	[Cao]	
•  NoνA	[Backhouse]	
•  CC	from	MonoenergeQc	Muon	neutrinos	[Spitz]	
•  Measurement	of	CEνNS	by	COHERENT	[Rich]	
•  HNL	from	Kaon	decays	[Parkinson]	
•  Daya	Bay	[Ling]	
•  STEREO	[Lhuillier]	
•  IceCube	[Larson]	
•  Antares	[Bruijn]	
•  HNL	in	CMS	and	future	efforts	[Negro]	
	



Long	Baseline	Neutrino	OscillaQons:	
	νµ	disappearance	and	νe	appearance	

T2K	[Cao]		

NOvA	[Backhouse]	



T2K:	νe	appearance		latest	Data	

Run	1-8	[Cao]		



T2K	δCP	

CP	conserving	values	(0,	𝜋)	fall	outside	of	the	
2𝝈	C.L.	confidence/credible	interval	[Cao]		



[Backhouse]	



[Backhouse]	



[Ling]	



[Lhuillier]	



NEW	

[Larson]	

IceCube	



ANTARES	POINT	SOURCE	SEARCH	
[Bruijn]	



Charged	currents	from	monoenergeQc	νµ
arXiv:1801.03848v1,	accepted	by	PRL	 Miniboone	Detector	+	NUMI	beam	 [Spitz]		



Measurement	of	CEνNS	

Spalla<on	
Neutron		
Source	

[Rich]	



Measurement	of	CEνNS	 [Rich]	



HNL	from	K	Decays	(NA62)	

[Parkinson]	



[Negro]	



0ν2β	Experiments	at	this	session	

TesQng	the	nature	of	the	neutrino	mass:	
																						Dirac	or	Majorana?		
	
•  EXO-200					LXe	TPC		[Der	Mesrobian-Kabakian]		

				
•  CUORE								Bolometers			[Tomei/Vigna<]	

•  CUPID									ScinQllaQng	Bolometers	[Gironi]		



[Tomei/Vigna<]	



EXO-200	

[Der	Mesrobian-Kabakian]		



CUPID-0:	Cuore	Upgrade	with	ParQcle	
IDenQficaQon	

Scin<lla<ng	bolometers	

BKG	level:	
3.6	conts/(	keV	Kg	y)		
	

[Gironi]	



Wrap	Up	Neutrinos	

•  2σ	exclusions	of	CP	conservaQon	
•  IH	Disfavoured	at	2σ
•  5%	deficit	in	reactor	flux,	RAA		
•  ClarificaQon	of	Sterile	Neutrinos	required…	
•  InteresQng	DAR	techniques	revival	
•  CEvNS	observed		
•  HNL	(RH	neutrinos)	searches	at	accelerators		
•  0ν2β	Eexperiments	reaching	the	IH	sensiQviQes	



	Cosmic	rays	&	GravitaQon	

•  Auger	[Bohacova]	
•  DAMPE	[Xiang	Li]	
•  Ligo-Virgo	[Cella]	



E > 8 EeV : ~ 30 000 events 
	
	

[Bohacova]	



[Xiang	Li]	



[Cella]	
LIGO-VIRGO	



GW170817	 [Cella]	 Mul<-messenger	astronomy	is	born		



Thank	You	
•  I	am	honored	to	have	been	invited	to	summarize	the	
conference	

•  The	quality	of	the	talks	was	outstanding		
•  It	made	it	easier	to	prepare	a	summary…	
•  …leaving	a	couple	of	hours	of	free	Qme	to	go	and	see	
the	Monte	Bianco!	

Mont	Blanc	 Monte	Bianco	


