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Charm	Yukawa	coupling:

Many	theories	predict	modifications	to	the	earlier-generation	quark	Yukawa	
couplings.	Of	these,	the	charm	coupling	is	the	most	accessible	one.

Experimental	challenges:

Ø Standard	Model	Branching	Ratio	~	3%
Ø c-jet	identification
Ø High	background	rate

Direct	search:	ATLAS	VH(bb/cc)	Run	2	Analysis	

Ø Different	possible	channels	through	selecting	the	vector	boson	decay
Ø QCD	background	suppression

Indirect	search:	ATLAS	H(γγ)	+	c	production	

Ø Exploiting	production	cross-section	dependence	from	Yukawa	coupling	
to	c-quarks

𝑍(𝜇𝜇)𝐻(𝑐𝑐)

Introduction

https://link.springer.com/article/10.1007/JHEP04(2025)075
https://arxiv.org/pdf/2407.15550
https://arxiv.org/pdf/2407.15550
https://arxiv.org/pdf/2407.15550


VH(bb/cc)	Run	2	Analysis	
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Ø Three	channels

• 𝑍(𝜈𝜈) 	+ 	𝐻(𝑏𝑏/𝑐𝑐)
• 𝑊(𝑙𝜈!) 	+ 	𝐻(𝑏𝑏/𝑐𝑐)
• 𝑍(𝑙"𝑙#) 	+ 	𝐻(𝑏𝑏/𝑐𝑐)

Ø Topology	

• Exploit	similarities	between	VH(bb)	and	
VH(cc)	topologies	for	the	full	Run2	dataset

• Resolved	and	boosted		topology	considered	for	
VH(bb)

• Orthogonality	ensured	with	𝑝$% > 400	GeV

• Resolved	reconstruction	only	for	VH(cc)

0-lepton	 1-lepton	 2-lepton	

https://link.springer.com/article/10.1007/JHEP04(2025)075
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269321001441?via%3Dihub


Resolved	topology
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Ø Flavour	tagging:	
• DL1r		tagger:	high-level	tagger	exploiting	low-level	ones
• The	DL1r	tagger	output	nodes	are	combined	into	a	2D	
b-/c-jet	tagger

• Bidimensional	pseudo-continuous	calibration	
orthogonal	between	b-tag	and	c-tag,	with	optimised	c-
tagging	calibration	for	analysis

Ø Main	background	

V+jets

Top

[S.	Van	Stroud	]

https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1
https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1
https://indico.cern.ch/event/1232499/attachments/2602341/4494127/2023-03-01_GN1_Seminar.pdf


Signal	and	Control	Regions
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Ø VH(bb)	enriched

Ø VH(cc)	enriched

Ø Top	enriched

Ø V	+	lights	enriched

Signal	Regions,	Total	59 (27	VH(bb),	32	VH(cc)):	

For	BB:	Two	central	jets	b-tagged (BB)	
For	CC:	Two	central	jets	c-tagged (C&C)	
For	CC:	One	c-tight	tagged	jet	(C&N)	
• Classified	for:

-				Resolved or boosted	regime
-					p&'
- ΔR j(, j)

Control	Regions,	Total	97:	

The	CRs	are	designed	to	target	the	main	background	V+jets	and	Top.
Relevant	for	H(cc):
1.	𝚫𝐑-based	CRs

- High	- ΔR	CRs	

2.	Tagging-based	CRs
- C*N	CRs	(V+light	jets)
- BC&	CRs	(Top	enriched)

70%	b-tagging	
efficiency



A Machine Learning approach
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Ø The	Boosted	Decision	Tree	(BDT)	is	trained	for	each	of	the	SR	categories:	BB,	C&C&,	C&C*	and	C&N	to	discriminate	the	
corresponding	signal	sample	from	the	sum	of	the	expected	backgrounds.	

Ø In	the	signal	regions,	the	BDT	output	is	used	as	the	likelihood	binned	fit	variable.

Ø First	time	in	ATLAS	using	Machine	Learning	classifiers	for	VH(cc)	and	boosted	VH(bb).	VH(cc)	significance	improved	
by	~40%	!	



Results on VH(cc)
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Ø The	fit	is	always	performed	including	all	VH(bb)	and	VH(cc)	SRs+CRs,	and	with	
the	signal	strengths	freely	floating	à	Signal	strength	𝜇 = +×-.

+!"×-.!"

Ø The	search	for	the	𝑯	 → 	𝒄s𝒄	decay	yields	an	observed	(expected)	upper	limit	at	
95%	confidence	level	of	11.5	(10.6)	times	the	Standard	Model	prediction.	

Ø From	the	upper	limit	on	𝝁,	the	charm	coupling	modifier	is	constrained	resulting	
in	 𝜿𝒄 < 𝟒. 𝟐	at	95%	confidence	level.		

à	3	times	better	than	first	full	Run	
2	results!

à	Mostly	coming	from	the	
optimised	flavour	tagging	scheme	
and	BDT,	also	benefit	from	better	
background	control!



Indirect search: H(γγ)	+	c	production	
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Ø First	direct	search	for inclusive	production	of	a	Higgs	boson in	association	with	at	
least	one charm	jet (H + c)	exploiting	the	Run	2	data.

Ø A	fraction	of	the	H	+	c	inclusive	process	is	𝑦0 − sensitive,		the	dependency	𝜎(
)

𝑝𝑝 →
𝐻 + 𝑐 	∝ 𝑦0)	is	exploited	for	the	𝑦0 	probing!

Ø At	least	one	charm-tagged	jet	is	required	in	the	event	selection.	Charm	
tagging	is	performed	using	DL1r.

Ø The	background	is	modelled	using	a	data-driven	approach,	the Gaussian	
Process	Regression	(GPR).

Ø Best	fit-value	of	the	inclusive	H +	c	cross-section:
𝜎123 = 5.3 ± 3.2	pb	(SM expectation: 2.9 ± 3.1	pb)	

Ø No	significant	excess over	the	Standard	Model	prediction	observed,	and	
the	observed	(expected)	significance	is	1.7𝜎	(1.0𝜎)!	

https://arxiv.org/pdf/2407.15550
https://arxiv.org/pdf/2407.15550
https://arxiv.org/pdf/2407.15550


New landscape of coupling modifiers 
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[	Nature	607	52	(2022)]	 [ATLAS-CONF-2025-006]
[	EPS-HEP	2025	]
	

NEW!

https://www.nature.com/articles/s41586-022-04893-w
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://indico.in2p3.fr/event/33627/contributions/154130/
https://indico.in2p3.fr/event/33627/contributions/154130/
https://indico.in2p3.fr/event/33627/contributions/154130/


Conclusion and prospects
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Ø Direct	constrain	from	VH(cc)	Run	2	analysis	
à 𝜿𝒄 < 𝟒. 𝟐	@	95%	CL

Ø H	production	cross-section	in	association	with	charms	probed	
with	observed	significance	1.7𝜎	

What’s	next?

Ø Outstanding	improvement	in	Flavour	Tagging	with	GN2	!

Ø New	potential	channels:	VBF	H(cc)	and	𝐭 ̅𝐭𝐇(𝐜𝐜)

Ø The	Run	3	data	set	is	growing	with	>	200	𝐟𝐛#𝟏	already	recorded

Thank	you	for	your	attention!

https://arxiv.org/abs/2505.19689


Backup



DL1r	c-jet	calibration	
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The	tagging	efficiencies	are	measured	with	a	data-driven	
method	following	the	approach	summarised	here.	

1.	Selection	of	jets	from	W → cs	in t ̅t	events

2.	Measure	of	ϵ5676	and	ϵ89	in	p&	bins	

where	ϵ = ϵ:;<76= =
>#$%&'(()*	@#AB7

>&+&	@#AB7

3.	Extraction	of	the	SF:	

SF p& =
ϵ89 p&
ϵ5676(p&)

The	results	are	used	to	correct	the	MC	simulation.	

https://arxiv.org/pdf/2109.10627
https://arxiv.org/pdf/2109.10627
https://arxiv.org/pdf/2109.10627


BDT input features
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VH(bb/cc)	Run	2	Analysis:	Control	Regions
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Control	Regions:	
The	CRs	are	designed	to	target	the	main	background	
V+jets	and	Top.	
1.	𝚫𝐑-based	CRs
- High	- ΔR	CRs	(V+jets	enriched):	Events	with larger	
ΔR j(, j) 	than	SRs

- Low-ΔR	CRs(Top	enriched):	Events	with ΔR j(, j) 	
outside	the	SR	window

2.	Tagging-based	CRs
- CLN	CR	(V+light	jets):	1	c-tagged	+	1	non-tagged	
jet	

- BCT	CR	(Top	enriched):	1	b-tagged	+	1	c-tagged	jet.
3.	Leptonic-flavour	CR
-	eµ	CR	(Top	enriched):	electron	and	muon	with	
opposite	sign	

+	Boosted	topology	CRs	for	H(bb)	and	jet	multiplicity	
selections	exploited	to	target	different	backgrounds.	

Ø VH(bb)	enriched

Ø VH(cc)	enriched

Ø Top	enriched

Ø V	+	lights	enriched



VH(bb/cc)	Run	2	Analysis:	Control	Regions
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Control	Regions:	

The	CRs	are	designed	to	target	the	
main	background	V+jets	and	Top.	

1.	𝚫𝐑-based	CRs
- High	- ΔR	CRs	(V+jets	
enriched)

- Low-ΔR	CRs(Top	enriched)

2.	Tagging-based	CRs
- CLN	CR	(V+light	jets)
- BCT	CR	(Top	enriched)

3.	Leptonic-flavour	CR
	 -	eµ	CR	(Top	enriched)



VH(bb/cc)	Run	2	Analysis:	Control	Regions
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Uncertainty breakdown
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