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Dark	Shower	Phenomenology	

•  Weakly	couple	to	SM	via	mediator	(scalar,	Z’)	
•  Could	be	complicated	non-abelian	theory	
•  Could	be	jeBy	or	spherical,	or	in	between	
•  GOALS:	
– Build	a	toy	model	
–  Interpolate	between	jets	and	SUEPs	
– Start	conversa?on	with	experimentalists	
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Event	Shapes	

•  JeBy	Events	à	Weak	coupling	(QCD)	
•  SUEPy	Events	à	Strong	Coupling	
•  Intermediate	regime?	
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Event	Shapes	
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AdS/CFT	Correspondence	

CFT	
	(want	to	understand)	

4D	Confined	Theory	
Field	operators	
Hidden	Sector	

Hadrons	
	

AdS		
(toy)	

Slice	in	AdS5	
Bulk	scalar	field	
Kaluza-Klein	

Modes	
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Extra	Dimensions	

•  Toy	to	build	intui?on	for	SUEP-to-Jet	problem	
•  Extra	finite	5th	dimension	(xμ,	z)	
•  Warp	space	with	Λ5	<	0	à	AdS	(RS1)	
•  Boundary	on	interval:	UV,	IR	cutoffs	
•  AdS/CFT	to	calculate	hidden	sector	dynamics	
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Kaluza-Klein	(KK)	Modes	

•  Solve	EOM	for	scalar	field	on	bulk	(5D)	

•  Up	to	quadra?c	Lagrangian	

•  Study	5th	dim	effects	(KK	modes)	on	4D	theory	
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KK	Modes	à	JeBy	or	SUEPy	

•  Interac?ons	to	shiL	from	sphere	to	jet	
•  Intui?on:	breaking	of	KK	Number	conserva?on	
makes	je8er	events	

•  Flat	Space:	KK-modes	are	cosines	
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•  No	phase	space	leL	
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KK	Modes	à	JeBy	or	SUEPy	
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•  Mass	spacing	~	linear	
•  cubic	interac?on	~	KK	number	

conserving	
•  SoL	decay	daughters	à	SUEPy	

shape	Warped	5D	
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Sphericity	of	KK	Modes	

C.	Cesaro8,	LLP	Trieste	 12	

Back-to-Back	Jet	
0	

Perfectly	Spherical	
1	Sphericity	

10/20/17	



Sphericity	of	KK	Modes	
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KK	Modes	–	Cubic	Interac?on	
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KK	Modes	–	Cubic	Interac?on	
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KK	number	is	almost	conserved	à	higher	sphericity		
10/20/17	



KK	Modes	à	JeBy	or	SUEPy	

•  Interac?ons	that	break	KK	number		
•  Compe?ng	effects:	phase	space	vs.	coupling	
•  Idea:	put	interac?ons	on	zIR	boundary	

C.	Cesaro8,	LLP	Trieste	 16	

0.2 0.4 0.6 0.8 1.0

-1.0

-0.5

0.5

1.0

1.5
{KK Mode �n(z)}

•  KK	wave	func?ons	converge	at	IR	
•  Decay	widths	about	equal	
•  Decay	to	larger	phase	space	

op?ons	à	Je8er?	

10/20/17	



KK	Modes	–	Localized	Interac?on	

C.	Cesaro8,	LLP	Trieste	 17	

Sphericity	

7.5	x	103	Trials	
Star?ng	at	KK	#	=	50		

KK	#	in	decay	shower	
0	<	s	<	0.05	
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KK	Modes	–	Localized	Interac?on	

C.	Cesaro8,	LLP	Trieste	 18	

Sphericity	

7.5	x	103	Trials	
Star?ng	at	KK	#	=	50		
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All	allowed	states	are	found!	à	spectrum	of	event	shapes		
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Conclusions	&	Outlook	

•  Toy	provides	event	shape	interpola?on	
•  LHC	signatures	are	dependent	on	the	
mediator	physics	

•  Tool	to	understand	shower	dynamics	for	
hidden	sector	

•  Theory	and	experiment	

	

C.	Cesaro8,	LLP	Trieste	 19	10/20/17	



Ques?ons?	

C.	Cesaro8,	LLP	Trieste	 20	10/20/17	



Backups	

C.	Cesaro8,	LLP	Trieste	 21	10/20/17	



KK	Modes	–	Mul?plicity?	

C.	Cesaro8,	LLP	Trieste	 22	

#	Par?cles	in	Shower		

45	 25	

Sp
he

ric
ity

	

10/20/17	



Dark	Showers	

•  Strassler	&	Zurek	2006	
•  SM	weakly	coupled	to	strongly	interac?ng	
dark	sectors	

hep-ph/0604261	
C.	Cesaro8,	LLP	Trieste	 23	10/20/17	



Dark	Hadrons?	

•  QCD	is	very	special	
•  Color	neutral	final	states	àreorganiza?on	
•  To	Consider:	
–  		
– hadrons	
pµ
parton

⇠ pµ
jet

For	SM	QCD,	Nf	=	Nc	=	3	C.	Cesaro8,	LLP	Trieste	 24	

Gluon	flux	tube	

10/20/17	



AdS	/	CFT		

•  AdS5	x	X5	
•  10D	masses	à	compac?fy	to	5D	masses	
•  Fewer	dimensions	à	denser	mass	states	
•  More	bulk	scalar	fields	à	closer	to	confining	
theory	

C.	Cesaro8,	LLP	Trieste	 25	10/20/17	


