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Disclaimer


•  Not	a	comprehensive	review	of	results.			

•  Selected	results	(mostly)	shown	to	make	some	
(pedagogical?	interesCng?)	point	

•  Only	CMS	and	Atlas		

•  Skewed	towards	CMS	

•  Not	represenCng	CMS	(or	Atlas)	
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New Physics?
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2018 LHC extreme views


1.  There	is	no	new	physics,	we	are	doomed.	

2.  LHC	has	only	taken	a	few	%	of	full	dataset,	we	
have	only	scratched	the	surface!		ExciCng!!!	
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Pre-LHC NP expecta>ons quickly met reality
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arXiv:1110.3805	
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EPJC	(2014)	74:3174	
M(squark)=M(gluino)	

The	steep	fall	of	the	producCon	cross-secCons	of	new	parCcles	with	mass	drives	the	pessimism	
Hard	to	make	progress	with	luminosity	alone.	
Worth	reviewing	for	a	few	minutes	why	that	is	and	some	consequences	
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•  Parton-parton	x-secCon,	i+j	à	X:	

•  σ for	ppàX:	

•  Rewrite	it	as:	

Luminosity	for	parton-parton	collisions.			
Dimensionless,	funcCon	of	parton-parton	shat	
MulCply	by		(tau/shat)=(1/s)	to	get	in	units	of	1/E2,	ie	area,	ie,	nb,	pb,	d…	

EHLQ	
RMP	56	579	(1984)	
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ŝ

dLij

d⌧
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arXiv:1101.3201	
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arXiv:1101.3201	

P	M	

dN/dP	

As	a	consequence,	most	of	the	producCon		
is	near	threshold.		Keep	it	in	mind	when	you		
think	about	your	own	search!				
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New Physics Searches

3	+	1	ingredients	
	
0.			Detector	and	machine		
1.   Trigger:	If	you	didn't	trigger	on	it,	it	never	happened	

•  Will	mostly	not	talk	about	it	

2.   Backgrounds:	It's	the	background,	stupid	
•  Need	to	understand	SM	and	instrumental	backgrounds	

3.   Ideas	(or	luck):	If	you	look	for	something,	you	may	not	
find	it.		But	if	you	don't	look,	you	will	never	find	it	
•  Model	independent	vs	model	dependent	searches	



Roadmap for a search


•  A	search	is	most	ohen	an	analysis	of	BG	
•  Decide	what	to	look	for	(!)	

•  Pay	ajenCon	to	theory	guidance,	but	don’t	go	overboard	
•  Define	trigger/event	selecCon	

•  Most	ohen	with	MC	of	signal	and	BG	
•  May	need	to	develop	new	tools	(fun)	

•  Do	not	overtune	on	parCcular	signal	model	
•  Unless	you	are	looking	for	very	specific	signal	

•  Keep	it	simple	
•  Esp.	if	the	1st	Cme	and/or	“next	year”	you	get	more	data	

•  Think	carefully	about	BG	esCmate	at	every	step	
•  Avoid	blind	use	of	MC.			
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Roadmap for a search (cont.)

• Don’t	forget	very	rare	(maybe	never	seen?)	SM	
processes.		They	can	add	up.	
•  UA1	“found”	SUSY	in	1984	because	of	this	(!)	
•  Here	someCmes	all	you	have	is	MC	
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•  If	it	is	a	mass	peak	it	sounds	easy	(!)	
	

signal	control	
•  If	you	can	separate,	use	control	region	
plus	MC	or	other	tricks	to	extrapolate	
•  If	counCng	instead	of	fiqng,	careful	about	
sig.	contaminaCon		

	•  If	on	top	of	each	other,	difficult	
•  Need	good	control	of	shape	and/or	
normalizaCon	of	SM	

	
• Blind	analysis	
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Some of these looked really easy


M(l+l-)	

10	d-1	

From	some	pre-LHC	
MC	studies	
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Did not quite work out that way


	
JHEP	03	(2018)	076	
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ζ(8.3)

Leptoquarks	

Pentaquarks	

40	GeV	top	

W+X,	Xàjj	

Not	all	that	gliKers	is	gold	



SUSY

•  The	most	popular	BSM	model	at	LHC	turn-on	
•  Maybe	sCll	is?	

•  It	is	not	a	model.		It	is	a	family	of	models	
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EPJC	(2016)	76:183	



19	

This	way	of	presenCng	the	results	was	soon	abandoned		
in	favor	of	“Simplified	Models”.	

It	is	not	just	a	majer	of	presenCng	results	in	a	different,	
more	“down	to	earth”	way.			
	
It	also	enabled	a	wider	variety	of	searches	with	less	prejudice		



Simplified Models

•  ProducCon	of	SUSY	parCcles	with	well	
defined	x-secCons	
•  Almost	always	100%	BR	
•  Almost	always	neglecCng	spin	factors,	
matrix	element	dynamics	in	decay	



Simplified Models

•  ProducCon	of	SUSY	parCcles	with	well	
defined	x-secCons	
•  Almost	always	100%	BR	
•  Almost	always	neglecCng	spin	factors,	
matrix	element	dynamic	in	decay	

•  UnrealisCc	
•  But	helps	to	zero-in	on	the	
mass-shell	physics	
•  Bejer	moCvaCon	of	searches	
•  Colorful	plots	



SUSY searches


• Many	different	final	states		
•  0L,	1L,	2LSS,	2LOS,	MulClepton	
•  Different	Njets	Nb	MET	HT	Meff	…..	
•  Many	bins	

• Most	searches	are	“generic”	enough	that	they	are	
sensiCve	to	broad	range	of	NP	possibiliCes	
•  Started	with	strong	producCon,	moving	to	EWK	
producCon	
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Example	of	results	of	a		
SUSY	search	

PRD	96	(2017)	032003	
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More Shortcomings of Simplified 
Models


• No	di-squark,	squark-gluon	producCon	
• Cross-secCons	calculated	in	decoupling	limit	
• How	good	are	the	mass	limits	then?	
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EPJC	(2014)	74:3174	
M(squark)=M(gluino)	

wino	cross	secCons	
JHEP	03	(2018)	160		



pMSSM study (8 TeV, Atlas)

• Generate	MC	for	many	“full”	R-parity	conserving	models	
consistent	with	Dark	majer	and	other	constraints	
•  Feed	them	through	22	Atlas	searches	
•  Look	at	SUSY	masses	of	excluded	vs.	allowed	models	
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JHEP	10	(2015)	134	



EWK SUSY
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Low	cross-secCon	

S.	Strandberg	
ICHEP	2018	
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End of Lecture 1
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New technique: boosted objects

(OK,	maybe	not	so	new	anymore)	
• All	sorts	of	neat	tricks	
•  Enables	new	type	of	searches	
•  X	à	VV,	VH(bb),	qq	(with	ISR)	
•  H(bb)	in	SUSY	cascades	
•  Xàj	
•  High	PT	tops	in	SUSY	
•  …..	
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stolen	from		
T.	Dorigo	blog	
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Semileptonic	jbar	events	–	ATLAS-CONF	2013-084	
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JHEP01(2018)097	



PLB	777	(2017)	91	



A new fron>er: machine learning?
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Dark MaZer Searches


•  These	have	become	very	popular	as	they	
potenCally	connect	with	the	direct	DM	searches	
• A	new	industry….	
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Simplified Models (again)
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In	addiCon	to	χ	they	introduce	other	new	parCcles	(V,	φ,	a….)	and	interacCons	



DM Simplified Models (cont.)


• More	ad-hoc	that	SUSY	simplified	models	as	they	need	to	
introduce	new	parCcles	and	interacCons	(more	
parameters)	

	
	
•  In	some	cases	the	final	states	are	~	same	as	in	SUSY	
models,	and	the	analysis	can	be	~	same	(but	they	aren’t)		
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•  In	other	cases	the	final	states	look	the	same	but	are	
really	different.	
•  This	is	“jets	+	MET”	a	classic	SUSY	final	state	
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JHEP01(2018)126	

SUSY	searches	operate	in	the	tails	of	MET	

DM	searches	are	in	the	bulk	of	SM	MET	
Requires	fine	control	of	SM	predicCon	

PLB758	(2016)	152	



44	



45	

Some	mediators	are	made	through	quark	couplings.	
So	instead	of	decay	to	χχ	they	could	decay	to	dijets.	

ICHEP18	Conference	
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Long Lived and other weirdness
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ArCst:	J.	Antonelli	



One example

•  There	is	a	“dark”	QCD	sector	
•  There	is	a	TeV-scale	mediator	(X)	that	couples	to	dark	
quarks	(Q)	and	”our”	quarks	(q)	
•  The	dark	quarks	make	GeV-scale	dark	pions	(πd)	
•  The	dark	pions	have	long	lifeCmes	(mm	à	m)	
•  Mediators	are	pair-produced,	then	XàQq	
•  Get	four	jets	

•  Two	“normal”	jets		
•  Two	emerging	jets,	with	many	displaced	tracks	

•  Maybe	even	decaying	outside	tracker	(MET)	
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CMS-EXO-18-001	
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Comments

•  The	search	is	very	cool	
•  Two	standard	jets,	two	weird	jets	

• Model	not	very	compelling	
•  But	it	moCvated	a	cool	search	

• Why	do	we	need	(crazy)	models	to	moCvate	cool	
searches?	
• Why	isn’t	there	a	search	for	e.g.	Z	+	two	weird	jets	
•  Because	there	is	no	model?	

•  Sociological	reality:	without	model	search	does	not	start	
•  Also:	how	to	make	prejy	colorful	plots	without	a	model?	
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What are we missing?


• What	are	we	missing	in	the	trigger?	

• What	are	we	missing	by	not	looking?	
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DsJ(2317)	àDS	π0	
PRL90	242001	(2003)	

BaBar	

		This	huge	signal	had	been	in	various	data	sets	for	many	years.	
–  Nobody	had	ever	looked	
–  Why?	
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DsJ(2317)	àDS	π0	
PRL90	242001	(2003)	

BaBar	

		This	huge	signal	had	been	in	various	data	sets	for	many	years.	
–  Nobody	had	ever	looked	
–  Why?	

Don’t	believe	theorists	too	much!	



Trigger issues


• New	clever	triggers	are	being	developed	all	the	Cme	
•  Very	important		

•  Even	more	possibiliCes	at	HL-LHC	
•  Track	triggers,	etc	

•  Fundamentally	we	are	limited	by	1-2	kHz	output	rate	
• A	colleague	suggested	that	in	Run	3	we	should	
prescale	by	(say)	factor	2	the	“standard”	triggers	on	
which	the	high	PT	searches	have	been	based.		Give	
the	bandwidth	to	other	stuff	
•  Just	a	bit	crazy?			
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Delayed reco. & Real Time Analysis


•  The	~	1	kHz	limit	is	not	
determined	by	DAQ	hardware	
but	by	rate	at	which	data	can	be	
reconstructed	

•  Read	out	more	data	that	can	be	
processed	and	set	some	of	it	
aside	for	later	reconstrucCon	
•  Lower	priority	analyses	
•  Data	Parking,	Delayed	Stream	

•  Reasonably	straigh{orward	

•  In	some	cases	move	much	of	the	
analysis	to	HLT	

• Write	out	data	in	reduced	
format	(smaller	events)	
•  ScouCng,	Trigger	Level	Object	
Analysis	

•  Challenges	with	calibraCons,	etc.	
•  Demonstrated	
•  Dijet	mass	searches	
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scouCng	data	
normal	data	

arXiv:1806.00843	

PRL	121	(2018)	081801	



Communica>ng results

•  Important	to	communicate	
results	of	searches	so	that	
they	can	be	re-used	to	
challenge	new	models	or	
ideas	
à	Make	it	possible	for	outsiders	
to	reinterpret	results	

•  Seems	obvious,	but	
•  A	bit	controversial	inside	
experiments	at	the	beginning	of	
LHC	
•  Confusion	with	many	tools/
approaches	on	the	market	
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Some people never liked the 
emphasis on models…..
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Frisch,	Pheno09	
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Make	info	available	to	re-interpret	
complicated	searches		
(many	bins,	results	of	fits,	etc.)	

Give	clear	info	on	efficiencies	



60	

JHEP11(2017)194	



The future?
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Predic>ng the future is hard


62	The	great	horse	manure	crisis	of	1894	
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Run	1	 Run	2	 Run	3	

High	Luminosity	LHC	



Future of Searches

• Only	~	¼	of	the	Run	2	dataset	has	been	analyzed	
•  “Standard”	searches	will	be	updated	with	full	Run	2	data	
and	then	Run	3	
•  Limits	will	improve	somewhat,	discovery	unlikely	

• Clever	ideas,	new	searches	to	be	developed	
•  Unexplored	corners	of	phase	space		
•  New	(crazy?)	signatures	
•  Need	your	creaCvity!	

• HL-LHC	will	push	out	further	
• ProjecCons	are	being	developed		
•  Don’t	take	them	too	seriously,	qualitaCvely	~	OK	
•  Experience	is	that	we	(mostly)	do	bejer	than	projecCons	

•  People	get	smarter	when	they	get	their	hands	on	the	data	
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L.	Shutska,	Moriond	17	
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Region	of	~	0	BG…Here	things	improve	
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“Compressed”	region	with	lots	of	BG.	
Here	things	don’t	change	much	
Probably	pessimisCc	
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Note	that	the	300	d-1	exclusion	on	paper	precludes	the	5σ	discovery….	
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L.	Shchutska	projecCons	
Moriond	2017	
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Conclusions


•  The	LHC	has	been	working	very	well,	and	has	given	us	a	
wonderful	gih:	the	Higgs	boson	
• But	Nature	is	toying	with	us	
•  The	convenConal	wisdom	on	NP	at	the	TeV	scale	has	failed	
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Theorists are confused
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Ben	Allanach,	Cambridge	



Conclusions


•  The	LHC	has	been	working	very	well,	and	has	given	us	a	
wonderful	gih:	the	Higgs	boson	
• But	Nature	is	toying	with	us	
•  The	convenConal	wisdom	on	NP	at	the	TeV	scale	has	failed	

• We	do	not	have	a	lot	of	theoreCcal	guidance	
•  But	we	know	that	the	SM	is	not	the	end	of	the	story	
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	Max	Planck 		



Conclusions


•  The	LHC	has	been	working	very	well.		It	has	given	us	a	
wonderful	gih:	the	Higgs	boson	
• But	Nature	is	toying	with	us	
•  The	convenConal	wisdom	on	NP	at	the	TeV	scale	has	failed	

• We	do	not	have	a	lot	of	theoreCcal	guidance	
•  But	we	know	that	the	SM	is	not	the	end	of	the	story	

• As	experimentalists	we’ll	keep	looking	
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