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Minimal	GM	with	125	GeV	Higgs	

Very	predic.ve	framework	that	solves	SUSY	flavor	problem	
	

But	with	other	problems:	
•  A-terms	suppressed:	very	unnatural	spar.cle	spectrum	with	no	
chance	to	be	probed	at	the	LHC	

•  µ and Bµ typically generated at same loop order, therefore Bµ too 
large for correct EWSB (µ-Bµ problem) 

 
Need to go to non-minimal models of gauge mediation       NMSSM 
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Next-to-minimal	gauge	media.on	

+S	

•  New contributions to the Higgs mass  
•  µ and Bµ  generated dynamically 

However:	naive	combina.on	NMSSM	+	minimal	GM	does	not	
provide	correct	EWSB	(because	singlet	so^	mass	too	small)	

M.	Badziak	(University	of	Warsaw)	 3	



The	minimal	model	of	gauge	media.on	in	NMSSM:		
Delgado, Giudice, Slavich ’07	

		
Main	ingredient:		
direct	coupling	of	the	singlet	to	(two	pairs)	of	messengers		
	
	
generates NMSSM A-terms and singlet masses (correct EWSB)	
															very predictive model with only 4 parameters: 
	
	
	
	
Note:												is	NOT	a	free	parameter		

messenger scale 
soft SUSY breaking scale 

tan�
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The	minimal	model	of	gauge	media.on	in	NMSSM	
Delgado, Giudice, Slavich ’07	

		

	
Conclusion	of	the	original	DGS	paper:	spar.cles	are	
heavier	than	in	Minimal	Gauge	Media.on	in	MSSM	due	
to	the	Higgs	mass	constraint			
	
Caveat:		

The	above	assumes	singlet	heavier	than	the	Higgs	
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Enhanced	Higgs	mass	from	mixing	with	
a	light	singlet	
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can	be	large	close	to	
the	LEP	excess	



How	large	the	mixing	contribu.on	to	
the	Higgs	mass	can	be?	

	
	
																																						MSSM	Higgs	mass	

	

	
	
5-6	GeV	correc.on	to	the	
Higgs	mass	is	possible	when	
ms	close	to	the	LEP	excess	
MB, Olechowski, Pokorski ’13 

	
	

the	LEP	excess	
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Maximizing the contribution to the Higgs mass from 
mixing essentially fixes most model parameters 

Only the messenger scale remains free 
and determines collider phenomenology 

Allanach, MB, Hugonie, Ziegler ’15 
Light	singlet	scenario	in	DGS	model	

100	GeV	Singlino	NLSP	
20-40	GeV	pseudoscalar	
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The 125 GeV Higgs mass obtained 
for stops and gluinos below 2 TeV 



LHC Phenomenology 

new feature is Singlino NLSP & Gravitino LSP 

Messenger scale determines NNLSP 
(bino or stau) and singlino decay length 

Singlino and Gravitino essentially decoupled: 
all SUSY decay chains to LSP proceed through 
NNLSP and NLSP 
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Displaced vertices from long-lived 
singlino for M < 107 GeV 
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Heavy Higgs searches hurt DGS model 

•  The	DGS	model	in	a	light	singlet	scenario	
predicts	large		

•  The	MSSM-like	Higgses	are	strongly	
constrained	by	the	LHC	searches	
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•  Correla.on	between	MSSM-like	Higgs	and	
spar.cle	masses	results	in	a	strong	lower	
limit	on	gluino	mass	

Heavy Higgs searches hurt DGS model 
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Extended	gauge	media.on	in	NMSSM	

For	direct	Higgs-messenger	couplings	e.g.	
	
	
Ø Spar.cle	masses	may	not	be	correlated	with	
MSSM-like	Higgs	mass	

Ø The	Higgs	mass	may	be	addi.onally	enhanced	
via	stop	mixing	due	to	contribu.on	to	A-terms	
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The	U	model	
One	pair	of	messengers:	

Ø Large						makes	the	MSSM-like	Higgs	heavier:	

Ø allows	for	stop-mixing	correc.on	to	the	Higgs	mass	

Ø supresses												(e.g.	due	to	RG	effect	of							on							)	
		

	Heavy	Higgs	searches	no	longer	constrain	SUSY	spectrum!	
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The	U	model	
Very	light	gluinos	allowed	by	the	(light	and	heavy)	
Higgs	data	
	
		
	
	
	
•  Gluino	mass	down	to	1.7	TeV	allowed	by	SUSY	
searches	at	the	LHC		

•  singlino	decay	length	as	small	as	O(1		cm)	
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The	DGSU	model	
Combines	U	model	with	DGS	model	(2	pairs	of	messengers):	

Ø Very	predic.ve	(5	free	parameters)	
Ø The	same	singlino/singlet	sector	leading	to	
displaced	pheno	as	in	the	DGS	model	but	with	
much	lighter	colored	spar.cles!	
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The	DGSU	model	

	
		
	
	
•  Gluino	mass	down	to	2	TeV	allowed	by	SUSY	
searches	at	the	LHC	(the	limit	is	stronger	than	
in	the	U	model	due	to	lighter	squarks)	

•  singlino	decay	length	as	small	as	O(1		m)	
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Looking	for	the	displaced	signature	at	
the	LHC:	benchmark	spectrum	
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Summary	
•  Light	NMSSM	singlet	(which	explains	the	LEP	excess)	
solves	the	problems	of	minimal	gauge	media.on	in	
MSSM	
–  Direct	singlet-messenger	couplings	is	crucial	for	correct	EWSB	
–  Spar.cle	masses	close	to	present	experimental	bounds	thanks	
to	Higgs-messenger	couplings	

•  Novel	signatures	from	decays	of	long-lived	singlino	
NLSP	to	displaced	b-quarks	
–  Displaced	vertex	signature	with	hard	prompt	cuts	improves	
sensi.vity	of	analysis	+	points	to	underlying	model	

–  Much	more	op.misa.on	of	this	search	possible	with	a	
dedicated	background	es.mate		
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BACKUP	
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Benchmarks	for	U	and	DGSU	models	
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