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Higgs	quantum	numbers	
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Higgs	couplings,	production	and	decay	
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Higgs	couplings,	production	and	decay	
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ggH,	ffH	and	VVH	sensitivity	

5	

expected	precision	of	spin	and	CP-mixture	measurements:		
arXiv:1310.8361	

ggH	and	ffH	experimental	measurements	are	more	challenging	than	
VVH	measurements	
Ø  the	focus	with	current	LHC	data	is	on	VVH	measurement	



VVH	couplings	and	parameters	
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Anomalous	couplings	(	ai	,	𝚲I	)	are	universal	parameters	of	nature	
•  However	it	is	more	convenient	to	measure	the	effective	cross-section	ratios	(	fai)	rather	than	

the	anomalous	couplings	themselves	
⇒   Measure	fractions	in	defined	convention	with	unique	meaning	along	different	channels	

fa3	=	fractional	pseudoscalar	cross	section		
•  value	0	<	|fa3|	<	1	would	indicate	CP	violation,	with	a	possible	mixture	of	scalar	

and	pseudoscalar	states	
•  fa3	=	1	would	indicate	that	the	H	boson	is	a	pure	pseudoscalar	resonance	

V	

V	

a1VV,	a2VV,	 	(CP)	
𝚲1

VV,	𝚲Q
VV		 	(CP)	

a3VV		 												(CP)	

σi	defined	in	decay		

Generic	spin-0	HVV	scattering	amplitude:	

a3	anomalous	couplings:	mixture	of	scalar	and	pseudo-scalar		

there	are	also	other	parametrizations	



CMS	HVV	coupling	measurements	
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Final	state	
Anomalous	coupling	HVV	

analysis	sensitivity	 Energy	(lumi/fb-1)	 reference	
In	production	 In	decay	

VBF	H(->4l),		
W(->jj)H(->4l),		
Z(->jj)H(->4l)	

✓	 ✓	 13	TeV		
(38.6	for	VBF	H,	35.9	for	VH)	

PLB	775	(2017)	1,	
CMS-PAS-HIG-17-011	

VH(->bb)	 ✓	 -	 8	TeV	(19.7)		 =>	
Combination:		

PLB	759	(2016)	672,		
CMS-HIG-14-035	H	->	WW,	ZZ,		

													Z𝛄*,	𝛄*𝛄*	 ✘	 ✓	 8	TeV	(19.7)	
7	TeV	(5.1)	

PRD	92	(2015)	
012004,		

CMS-HIG-14-018	
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SM	(0+)	
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Mixed	state	(fa3=0.5,𝛟a3=0)	
Mixed	state	(fa3=0.5,𝛟a3=𝛑/2)	

=>	Results	are	combined	with	H->VV	

Measurement	is	performed	using	2D	templates:		
•  BDT	discriminant	(to	separate	from	background)		
•  m(VH):	observable	sensitive	to	kinematic	features	of	pseudoscalar	

The	interference	contributions	to	the	BDT	discriminant	and	m(VH)	
distributions	are	negligible	and	ignored	in	the	VH	channels.	

ILC	VH	
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VH(->bb)	+	H(->VV)	results	(Run1	data)	
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=>	Sensitivity	at	low	fa3	
dominated	by	ZH	channel		
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⇒ no	significant	deviation	from	
the	SM	(fa3=0)		

⇒ pure	pseudoscalar	(fa3=1)	
excluded	at	99.8%	CLs	

•  yields	of	signal	events	are	expressed	with	two	unconstrained	parameters	
μV	(VBF	and	VH	production)	and	μF	(ggH	and	ttH	production)	

	

•  μV	and	μF	are	floating	freely	in	the	fit	
•  sensitivity	to	anomalous	couplings	is	in	a	difference	in	shape,																

not	overall	yield	

𝛍	=	observed	signal	yield/expected	SM	signal	yield	

Pure	scalar	(SM)	 Pure	psuedoscalar	



Sensitive	observables	
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Single	kinematic	
observable:	
m(VH),	…	

MELA	package	(Matrix	Element	Likelihood	Approach):	
Using	full	kinematic	

gluon	fusion:		
gg→H→VV→4ℓ	

VBF:		
qq→VV(qq)→H(qq)→VV(qq)	

Associated	production:		
qq→V→VH→(ff)H→(ff)VV	

Incom
ing	→

	O
utgoing	

angles	are	defined	
in	either	the	H	or	V	
boson	rest	frames	

•  Build	discriminant	for	process	A	vs	process	B	from	ME	bases	probabilities		
•  Discriminant:	ratio	of	probabilities	

•  Distinguish	contributions:	SM,	BSM,	interference	
•  Optimal	observable:	

H→VV:	
five angles + m(VV) fully characterize either the production or the decay chain	

D = PA / (PA + PB )



Sensitive	observables	

11	bkgD
0 0.2 0.4 0.6 0.8 10

20

40

Observed
Total SM
VBF+VH SM

 = 1a3Total f
 = 1a3VBF+VH f

*gZZ/Z
Z+X

(a)

dec
0h+D

0 0.2 0.4 0.6 0.8 10

5

10

15

20

 0.5- = a2f

(b)

dec
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30  0.5+ = 1Lf

(c)

,decgZ
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30
 = 1gZ

1Lf

38.6 fb-1 (13 TeV)  

dec
0-D

0 0.2 0.4 0.6 0.8 10

5

10

 = 1a3f (e)

VBF+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3

4
 = 1a3f (f)

VH+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3
 = 1a3f (g)

dec
CPD

0.4- 0.2- 0 0.2 0.40

5

10

15
 0.5+ = a3f (h)

CMS

Ev
en

ts
 / 

bi
n

(d)
bkgD

0 0.2 0.4 0.6 0.8 10

20

40

Observed
Total SM
VBF+VH SM

 = 1a3Total f
 = 1a3VBF+VH f

*gZZ/Z
Z+X

(a)

dec
0h+D

0 0.2 0.4 0.6 0.8 10

5

10

15

20

 0.5- = a2f

(b)

dec
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30  0.5+ = 1Lf

(c)

,decgZ
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30
 = 1gZ

1Lf

38.6 fb-1 (13 TeV)  

dec
0-D

0 0.2 0.4 0.6 0.8 10

5

10

 = 1a3f (e)

VBF+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3

4
 = 1a3f (f)

VH+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3
 = 1a3f (g)

dec
CPD

0.4- 0.2- 0 0.2 0.40

5

10

15
 0.5+ = a3f (h)

CMS

Ev
en

ts
 / 

bi
n

(d)

bkgD
0 0.2 0.4 0.6 0.8 10

20

40

Observed
Total SM
VBF+VH SM

 = 1a3Total f
 = 1a3VBF+VH f

*gZZ/Z
Z+X

(a)

dec
0h+D

0 0.2 0.4 0.6 0.8 10

5

10

15

20

 0.5- = a2f

(b)

dec
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30  0.5+ = 1Lf

(c)

,decgZ
1LD

0 0.2 0.4 0.6 0.8 10

10

20

30
 = 1gZ

1Lf

38.6 fb-1 (13 TeV)  

dec
0-D

0 0.2 0.4 0.6 0.8 10

5

10

 = 1a3f (e)

VBF+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3

4
 = 1a3f (f)

VH+dec
0-D

0 0.2 0.4 0.6 0.8 10

1

2

3
 = 1a3f (g)

dec
CPD

0.4- 0.2- 0 0.2 0.40

5

10

15
 0.5+ = a3f (h)

CMS

Ev
en

ts
 / 

bi
n

(d)

PSM	and	PBSM	include	
production	and	decay	
information	

H→4l	measurement	is	performed	using	3D	MELA	templates:		

To	separate	higgs	signal	
from	background	

To	separate	scalar	
from	pseudoscalar	

To	separate	interference	
term	from	signal	

Observables	are	optimized	
to	be	most	sensitive	to	

observe	CP	violation	in	HVV	
vertex,	hence	little	

sensitivity	to	ffH	and	ggH	
coupling.	

Single	kinematic	
observable:	
m(VH),	…	

MELA	package	(Matrix	Element	Likelihood	Approach):	
Using	full	kinematic	

•  Build	discriminant	for	process	A	vs	process	B	from	ME	bases	probabilities		
•  Discriminant:	ratio	of	probabilities	

•  Distinguish	contributions:	SM,	BSM,	interference	
•  Optimal	observable:	
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D = PA / (PA + PB )



H->4l	results	(Run1+Run2)	
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•  primary	sensitivity	from	decay	

•  production	(low	statistics)	is	sensitive	to	
smaller	couplings	

•  with	more	data,	the	production	
information	will	be	much	more	
important		

Sensitivity	
from	VBF	

production	

Sensitivity	
from	decay	

Small	asymmetry		
in	𝐷𝐶𝑃𝑑𝑒𝑐		
in	positive	direction		
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Fluctuation	toward	
low	and	high	values	
of	𝐷0-

𝑑𝑒𝑐		

PLB	775	(2017)	1	

=>	no	significant	
deviation	from	the	
SM	(fa3=0)		



Result	summary	(Run1)	
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CL:	(68%)	[95%]	

P
LB

 759 (2016) 672	

44 7 Results

Table 8: The observed and expected intervals derived from floating-µ profile likelihood scans
allowing for cosfa3 = -1, 1. Parentheses contain 68% CL intervals, and brackets contain 95%
CL intervals. The ranges are truncated at the boundaries -1 < fa3 cosfa3 < 1. All scans which
involve both VH and H ! VV channels are performed with and without enforcing the cor-
relation between the µ parameters given in Equation 7. In the WH, ZH, and VH channels,
intererence effects are negligible.

Channel Parameter Expected Observed

Correlated µ parameters

WH + H ! WW f
WW
a3 cosfa3 0 (-0.0012, 0.0012) [-0.0027, 0.0027] -0.0027 (-0.0053, -0.00082)[(0.00084, 0.0053)

[-0.0098, 0.0098]

ZH + H ! ZZ f
ZZ
a3 cosfa3 0 (-0.0014, 0.0014) [-0.0034, 0.0034] 0.0011 (-0.0028, 0.0029) [-0.0055, 0.0056]

VH + H ! VV f
ZZ
a3 cosfa3 0 (-0.00049, 0.00050) [-0.0011, 0.0011] 0.0012 (-0.0021, -0.00044)[(0.00047, 0.0021)

[-0.0033, 0.0034]

Uncorrelated µ parameters

WH + H ! WW f
WW
a3 cosfa3 0 (0, 1) [0, 1] -0.00088 (-0.46, 0.20) [0, 1]

ZH + H ! ZZ f
ZZ
a3 cosfa3 0 (-0.20, 0.21) [-0.65, 0.66] 0.0067 (-0.13, 0.16) [-0.42, 0.44]

VH + H ! VV f
ZZ
a3 cosfa3 0 (-0.0060, 0.0062) [-0.44, 0.44] 0.0010 (-0.039, -0.00011)[(0.00011, 0.043)

[-0.24, 0.25]
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Testing	the	CP	nature	of	Higgs	is	one	of	the	important	tasks	after	its	discovery	
•  Testing	the	HVV	coupling	structure		

•  Pseudo-scalar	coupling	is	expected	to	be	subdominant			
•  Pure	pseudoscalar	(JCP	=0-)	hypothesis	is	excluded	
•  No	significant	CP	mixing	effect	is	observed	and	limits	are	set	on	the	CP-odd	

terms	in	the	effective	coupling	approach		
•  Now	the	focus	is	on	search	for	small	deviations	

•  Tree	level	couplings	to	quarks	and	leptons	(prospects)	
•  CP-even	and	CP-odd	couplings	induced	at	the	same	order		
•  Experimental	challenges	for	the	test	of	the	CP	invariance	

JCP	
Very	sure	that	the	Higgs	Boson	is	spin-0		 CP	measurements:	search	for	small	deviations	
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