
HH	
report	and	plans	

	
Sally	Dawson,	Christoph	Englert,	

Maxime	Gouzevitch,	Roberto	Salerno,	
Magdalena	Sławińska	

1	LHCHXSWG	meeHng,	October	2016	



HH	in	YR4	

•  recommendaHons	for	total	rates	in	the	SM	
(gluon	fusion	and	rare	channels)	

•  esHmaHon	of	th.	uncertainHes	in	gluon	fusion	

•  comparisons	of	available	differenHal	
distribuHons	

•  recommendaHons	for	BSM	benchmarks		
				(EW	singlet,	2HDM,	effecHve	Lagrangian)	
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SM	rates	–	a	quick	dicHonary	

(Born/NLO	Improved)	Higgs	EffecHve	Field	Theory	-	mtà∞	(finite	at	LO/NLO)	
	
FTapprox.	–	complete	NLO	real	emissions,	approx.	virtual	contribuHons	
	
*	reweighted	to	full	NLO	

Glover,	van	der	Bij	88,	Dawson,	Dibmaier,	Spira	98	
Maltoni,	Vryonidou,	Zaro	14	,	
de	Florian,	Grazzini,	Hanga,	Kallweit,	Lindert,	Maierhöfer,	Mazzitelli,	Rathlev	16	
Borowka,	Greiner,	Heinrich,	Kerner,	Schlenk,	Schubert,	Zirke	16	 3	

from	S.	Jones	



SM	rates	–	a	quick	dicHonary	

LHCHXSWG	recommendaHons	for	√s=	14	TeV,	mh=125	GeV,	μR=μF	=	mhh/2		
	

σNNLO+NNLL = 39.56+4.4%-6.0%	o	
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Gluon	fusion	cross-secHons	
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5%	th.	
uncertainHes	

NNLL+NNLO	with	top	mass	effects	at	NLO	
arXiv:1604.06447	
arXiv:1505.07122	



DifferenHal	distribuHons	
FTapprox	from	Madgraph5_aMC@NLO	matched	to	Pythia	8	
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Towards	esHmaHng	shower	
uncertainHes	
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from	A.	Papaefstathiou	
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BSM	resonant	benchmarks	

•  Singlet	model	
	
	

•  input	parameters:	

	

•  2HDM	
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cross-secHon	tables	included	in	the	Report	



EFT	benchmarks	
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5	BSM	parameters	relevant	for	di-Higgs	producHon:	

EffecHve	Lagrangian	for	a	CP	even	Higgs	
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Many	thanks	for	contribuHons	to	YR4!		

Now	we	are	before	YR5...	



Future	plans	

•  1.	distribuHons	at	NLO	(finite	top	mass	effects)	
•  2.	distribuHons	at	NNLO	(HEFT)		
•  3.	bridging	parton	level	to	hadron	level		
•  4.	general	direcHons	for	BSM		
•  5.	addiHonal	processes?	GF+2j,	more	WBF,	
VVHH?		

based	on	contribuHons	and	discussions	during	the	meeHng		
hbps://indico.cern.ch/event/573916/	 11	



NLO	distribuHons	
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from	S.	Jones	



Phase	space	sampling	for	NLO	
calculaHons	
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from	S.	Jones	



Possible	future	improvements	

•  DifferenHal	distribuHons	are	a	boble	neck	
since	much	CPU	needed	for	phase	space	
sampling	

•  Cannot	be	matched	to	PS	and	used	out-of-the-
box	

•  InvesHgaHng	the	use	of	the	Grid	infrastructure	
•  PS	matching	(in	progress,	may	need	grid)	
•  Improving	N.I.	HEFT	for	fully	differenHal	
distribuHons	(see	later)	
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Towards	differenHal	distribuHons	at	
NNLO	HEFT	
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NNLO	HEFT	-	technicaliHes	
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explicit	separaHon	of		
NNLO	singulariHes	from	qTHHà0	
from	NLO	HH+j	contribuHon	

from	J.	Mazzitelli	



Results	of	NLO	reweighHng	-	mhh	
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exact	LO	reweigh.ng	
in	progress	

from	J.	Mazzitelli	



Results	of	NLO	reweighHng	-	phT	

18	NNLO	correcHons	up	to	80-60%,	scale	uncertainHes	~30-40%	

from	J.	Mazzitelli	



Combining	the	two	improvements	
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Plans	for	improving	the	combinaHon		

•  Combining	NNLOmtà∞	with	NLOfinite	mt	:	
	

	-	ReweighHng	NNLO	with	the	exact	LO	
	-	With	1D	NLO	K-factors	reweight	mhh	distribuHon	and	
	apply	the	correcHon	to	others	

•  Different	procedures	→	esHmaHon	of	the	HEFT	
uncertainty	for	NNLO	distribuHons	

•  Inclusion	of	Higgs	decays	
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Parton	to	hadron	level	

•  Current	state-of-the	art	of	HH	Monte	Carlo		
simulaHons	relies	on	full	LO	+	full	hard	radiaHon	
+	virtual	correcHons	from	HEFT.		
•  LO+PS	vs.	PS+full	real	radiaHon	efficiencies	can	
vary	up	to	20%	in	an	LHC	analysis.		

•  Differences	between	merged	and	matched	
samples	due	to	uncertainHes	related	to	the	
shower	starHng	scale.		
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from	A.	Papaefstathiou	



MC	outlook	

•  Use	the	same	inputs	
•  Discuss	with	experiments	which	MC	
generators	and	se|ngs	are	used	to	include	
them	in	the	comparison	

•  Can	we	gain	in	efficiency	of	signal	selecHon	
with	beber	MC	modeling?	
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Experimental	searches	
•  InvesHgated	
final	states:	

•  bbyy	(ATLAS,	
CMS)	

•  bb	(ATLAS,	
CMS)	

•  bbbb	(ATLAS,	
CMS)	

•  WW*yy	(ATLAS)	
•  WW*	bb	(CMS)		
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Run	1	limits	on	non	resonant	SM-like	cross-secHons	

Run	1	limits	on	resonant	cross-secHons	

	Searches	not	sensiHve	to	the	SM	di-Higgs	producHon	yet.		
à	need	to	develop	reasonable	BSM	benchmark	models	



BSM	models	

•  Inherit	SM	improvements	in	BSM	benchmarks	
	
•  open	quesHons	about	the	progress:	

ª  	new	resonant	models?	need	to	work	with	
	other	groups	on	2HDM,	MSSM,	NMSSM	
	benchmarks	relevant	for	HH	

ª  	more	EFT	operators?	(CP	violaHon?)	
ª EFT	operators	in	other	producHon	channels?	
(VVhh,	bhh,...	)	
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Thoughts	for	general	consideraHon	
before	YR5	

•  harmonise	BSM	acHviHes	with	WG2	and	WG3	
to	make	sure	our	benchmarks	are	not	
excluded	already	by	single	Higgs	processes	

	
•  the	necessity	for	providing	recommendaHons	
for	4	mass	points	for	rare	processes	(non-
integer	values	a	bobleneck	for	NLO	
computaHons)	
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Conclusions	

•  Many	theory	developments	already	in	YR4!	
•  Ongoing	efforts	in	improving	predicHons	for	
SM	gluon	fusion	producHon	

•  Works	towards	esHmaHng	shower	systemaHc	
•  Plans	to	improve	BSM	benchmarks	with	SM	
developments	

•  More	discussions	needed	for	BSM	direcHons	
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