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Higgs production processes at the LHC
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Higgs decays & signal strength (SS)
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Mean lifetime:
≈ 2× 10−22 s

Signal strength:

𝜇𝑓
𝑖 =

(𝜎𝑖 × ℬ𝑓 )experiment

(𝜎𝑖 × ℬ𝑓 )SM
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Simplified Template Cross Section (STXS)
STXS data is available from
Run 2:

I Better control on errors
and their correlation

I Separate bins for new
physics searches

I Binning evolves in
stages: stage 0, 1.0, 1.1,
1.2, ...

SS

STXS

Credit: ATLAS HIGG-2018-28
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Lilith

Light Likelihood Fit for the Higgs1,2

I A python package for constraining Higgs-coupling
parameters of a BSM model (Kappa, SMEFT, 2HDM, ...).

I Current database: SS from publications of ATLAS, CMS,
Tevatron.

I Statistical method: maximal likelihood using variable
Gaussian distributions.

I On-going work:
I Extended the database to include STXS data.
I Include correlations of theoretical errors.
I Implement SMEFT parametrizations.

1
Bernon and Dumont Eur. Phys. J. C 75 (2015) 440. [Lilith-1.1]

2
S. Kraml, T.Q. Loc, D.T. Nhung, and L.D. Ninh SciPost Phys. 7 (2019) 052. [Lilith-2.0] 5



Results using SS data

0.8 0.9 1.0 1.1 1.2
CV

0.6

0.8

1.0

1.2

1.4

C F

Exp. input type = vn
  Lilith-2.1, CMS-HIG-20-013 validation

CMS official

2 0 2
CB

20

10

0

10

20

C C

Exp. input type = vn
  Lilith-2.1, ATLAS-HIGG-2021-12 validation

SM
ATLAS official best fit
ATLAS official

0.50 0.25 0.00 0.25 0.50
cos( )

10 1

100

101

ta
n

2HDM Type-I

Lilith-2.2, SS data from ATLAS HIGG-2018-57

ATLAS official 

0.0 0.2 0.4 0.6
cos( )

10 1

100

101

ta
n

2HDM Type-II

Lilith-2.2, SS data from ATLAS HIGG-2018-57

ATLAS official 

6



STXS data

Source: ATLAS HIGG-2018-57

Likelihood:

−2 log𝐿 = (𝑥̂−𝑥)𝑇 ·𝐶−1·(𝑥̂−𝑥),

where:
I 𝑥̂𝑝 = (𝜎𝑝

𝑖 × ℬ𝑌 )exp

[best fits],
I 𝑥𝑝 = 𝜇𝑌

𝑖 × (𝜎𝑝 × ℬ𝑌 )SM

[model prediction],
I 𝐶 = 𝐶ex + 𝐶th

[covariance].

Covariances:

𝐶ex = Σex · 𝜌ex · Σex,

𝐶th = Σth · 𝜌th · Σth
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STXS data

Source: ATLAS HIGG-2018-57

Likelihood:

−2 log𝐿 = (𝑥̂−𝑥)𝑇 ·𝐶−1·(𝑥̂−𝑥),

where:
I 𝑥̂𝑝 = (𝜎𝑝

𝑖 × ℬ𝑌 )exp

[best fits],
I 𝑥𝑝 = 𝜇𝑌

𝑖 × (𝜎𝑝 × ℬ𝑌 )SM

[model prediction],
I 𝐶 = 𝐶ex + 𝐶th

[covariance].

Covariances:

𝐶ex = Σex · 𝜌ex · Σex,

𝐶th = Σth · 𝜌th · Σth
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Experiment and theory correlations
correlation of exp. errors

correlation of theoretical errors (ggF)

I ATLAS and CMS dont provide the theoretical correlations
with their papers.

I It’s not easy, if not impossible, for theorists to calculate
them.
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STXS vs. SS
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I STXS data gives better results than SS data, as expected!
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Theoretical correlations (ggF only)

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

VBF_J3V
VBF_J3

=0J =1J_0-60
=1J_60-120

=1J_120-200

=1J_200->
>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J =1J >=2J
>=1J 60-200

>=1J 120-200

>=1J >200
>=1J >60

>=1J >120
>=1

VBF_J3V

VBF_J3

=0J

=1J_0-60

=1J_60-120

=1J_120-200

=1J_200->

>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J

=1J

>=2J

>=1J 60-200

>=1J 120-200

>=1J >200

>=1J >60

>=1J >120

>=1

100%

-30%

0%

1%

-2%

-1%

0%

1%

0%

0%

0%

0%

-0%

7%

2%

2%

0%

2%

2%

4%

-30%

100%

0%

-1%

-1%

4%

5%

-0%

-0%

3%

4%

0%

-0%

8%

6%

11%

4%

6%

9%

5%

0%

0%

100%

-16%

-16%

-12%

-9%

12%

13%

11%

9%

100%

-18%

13%

-3%

4%

6%

-2%

4%

-7%

1%

-1%

-16%

100%

74%

36%

27%

9%

-0%

-15%

-18%

-16%

93%

-3%

46%

2%

-9%

41%

-1%

76%

-2%

-1%

-16%

74%

100%

77%

61%

-9%

-1%

6%

8%

-16%

93%

-1%

73%

36%

21%

69%

32%

77%

-1%

4%

-12%

36%

77%

100%

90%

-17%

-1%

35%

42%

-12%

64%

8%

70%

70%

57%

71%

68%

58%

0%

5%

-9%

27%

61%

90%

100%

-15%

-1%

36%

57%

-9%

51%

11%

59%

67%

72%

63%

70%

48%

1%

-0%

12%

9%

-9%

-17%

-15%

100%

97%

75%

60%

12%

-0%

93%

52%

47%

47%

53%

48%

53%

0%

-0%

13%

-0%

-1%

-1%

-1%

97%

100%

87%

73%

13%

-1%

98%

63%

64%

61%

65%

64%

55%

0%

3%

11%

-15%

6%

35%

36%

75%

87%

100%

92%

11%

-2%

92%

71%

91%

87%

76%

91%

51%

0%

4%

9%

-18%

8%

42%

57%

60%

73%

92%

100%

9%

-2%

81%

66%

88%

98%

72%

93%

45%

0%

0%

100%

-16%

-16%

-12%

-9%

12%

13%

11%

9%

100%

-18%

13%

-3%

4%

6%

-2%

4%

-8%

-0%

-0%

-18%

93%

93%

64%

51%

-0%

-1%

-2%

-2%

-18%

100%

-1%

65%

24%

10%

60%

20%

82%

7%

8%

13%

-3%

-1%

8%

11%

93%

98%

92%

81%

13%

-1%

100%

66%

73%

71%

69%

74%

56%

2%

6%

-3%

46%

73%

70%

59%

52%

63%

71%

66%

-3%

65%

66%

100%

83%

70%

100%

81%

91%

2%

11%

4%

2%

36%

70%

67%

47%

64%

91%

88%

4%

24%

73%

83%

100%

90%

87%

99%

62%

0%

4%

6%

-9%

21%

57%

72%

47%

61%

87%

98%

6%

10%

71%

70%

90%

100%

76%

95%

49%

2%

6%

-2%

41%

69%

71%

63%

53%

65%

76%

72%

-2%

60%

69%

100%

87%

76%

100%

86%

89%

2%

9%

4%

-1%

32%

68%

70%

48%

64%

91%

93%

4%

20%

74%

81%

99%

95%

86%

100%

59%

4%

5%

-7%

76%

77%

58%

48%

53%

55%

51%

45%

-8%

82%

56%

91%

62%

49%

89%

59%

100%

corr2017, 9 uncertainty sources

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

VBF_J3V
VBF_J3

=0J =1J_0-60
=1J_60-120

=1J_120-200

=1J_200->
>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J =1J >=2J
>=1J 60-200

>=1J 120-200

>=1J >200
>=1J >60

>=1J >120
>=1

VBF_J3V

VBF_J3

=0J

=1J_0-60

=1J_60-120

=1J_120-200

=1J_200->

>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J

=1J

>=2J

>=1J 60-200

>=1J 120-200

>=1J >200

>=1J >60

>=1J >120

>=1

100%

-30%

0%

3%

-2%

-6%

-5%

2%

0%

-2%

-3%

0%

0%

6%

3%

-1%

-4%

1%

-2%

8%

-30%

100%

0%

1%

-1%

-2%

-2%

1%

0%

-1%

-1%

0%

0%

7%

8%

7%

-2%

6%

4%

9%

0%

0%

100%

19%

20%

12%

10%

9%

9%

9%

7%

100%

21%

9%

30%

14%

8%

27%

12%

39%

3%

1%

19%

100%

73%

16%

9%

-47%

-62%

-73%

-70%

19%

92%

-63%

-13%

-60%

-61%

-23%

-62%

49%

-2%

-1%

20%

73%

100%

79%

65%

-73%

-68%

-55%

-35%

20%

94%

-66%

26%

-10%

-16%

19%

-12%

49%

-6%

-2%

12%

16%

79%

100%

88%

-64%

-43%

-14%

14%

12%

54%

-39%

50%

40%

33%

49%

39%

27%

-5%

-2%

10%

9%

65%

88%

100%

-53%

-35%

-7%

35%

10%

43%

-28%

46%

40%

54%

50%

46%

25%

2%

1%

9%

-47%

-73%

-64%

-53%

100%

96%

82%

55%

9%

-66%

94%

32%

41%

37%

34%

41%

23%

0%

0%

9%

-62%

-68%

-43%

-35%

96%

100%

94%

73%

9%

-70%

99%

49%

64%

57%

53%

63%

23%

-2%

-1%

9%

-73%

-55%

-14%

-7%

82%

94%

100%

88%

9%

-68%

95%

65%

85%

78%

70%

84%

21%

-3%

-1%

7%

-70%

-35%

14%

35%

55%

73%

88%

100%

7%

-54%

77%

67%

89%

98%

77%

94%

18%

0%

0%

100%

19%

20%

12%

10%

9%

9%

9%

7%

100%

21%

9%

30%

14%

8%

27%

12%

39%

0%

0%

21%

92%

94%

54%

43%

-66%

-70%

-68%

-54%

21%

100%

-70%

9%

-35%

-38%

-0%

-37%

53%

6%

7%

9%

-63%

-66%

-39%

-28%

94%

99%

95%

77%

9%

-70%

100%

53%

68%

63%

57%

68%

24%

3%

8%

30%

-13%

26%

50%

46%

32%

49%

65%

67%

30%

9%

53%

100%

87%

71%

99%

83%

75%

-1%

7%

14%

-60%

-10%

40%

40%

41%

64%

85%

89%

14%

-35%

68%

87%

100%

89%

91%

99%

33%

-4%

-2%

8%

-61%

-16%

33%

54%

37%

57%

78%

98%

8%

-38%

63%

71%

89%

100%

80%

95%

22%

1%

6%

27%

-23%

19%

49%

50%

34%

53%

70%

77%

27%

-0%

57%

99%

91%

80%

100%

90%

68%

-2%

4%

12%

-62%

-12%

39%

46%

41%

63%

84%

94%

12%

-37%

68%

83%

99%

95%

90%

100%

30%

8%

9%

39%

49%

49%

27%

25%

23%

23%

21%

18%

39%

53%

24%

75%

33%

22%

68%

30%

100%

corrJVE, 7 uncertainty sources

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

VBF_J3V
VBF_J3

=0J =1J_0-60
=1J_60-120

=1J_120-200

=1J_200->
>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J =1J >=2J
>=1J 60-200

>=1J 120-200

>=1J >200
>=1J >60

>=1J >120
>=1

VBF_J3V

VBF_J3

=0J

=1J_0-60

=1J_60-120

=1J_120-200

=1J_200->

>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J

=1J

>=2J

>=1J 60-200

>=1J 120-200

>=1J >200

>=1J >60

>=1J >120

>=1

100%

-29%

0%

-3%

3%

3%

0%

-2%

2%

2%

0%

0%

-1%

7%

6%

6%

0%

5%

5%

4%

-29%

100%

0%

-8%

7%

10%

0%

-6%

5%

7%

0%

0%

-2%

10%

13%

16%

0%

12%

13%

4%

0%

0%

100%

-13%

-13%

-11%

-12%

11%

11%

11%

11%

100%

-18%

12%

-3%

3%

7%

-2%

5%

-8%

-3%

-8%

-13%

100%

6%

1%

47%

33%

-32%

-33%

-0%

-13%

80%

-14%

-16%

-26%

10%

-15%

-19%

59%

3%

7%

-13%

6%

100%

81%

48%

-32%

31%

25%

-0%

-13%

64%

12%

84%

52%

10%

82%

47%

60%

3%

10%

-11%

1%

81%

100%

41%

-30%

23%

44%

-0%

-11%

52%

14%

76%

75%

9%

74%

66%

52%

0%

0%

-12%

47%

48%

41%

100%

-1%

-0%

-0%

40%

-12%

66%

4%

32%

16%

58%

36%

29%

58%

-2%

-6%

11%

33%

-32%

-30%

-1%

100%

57%

50%

74%

11%

6%

76%

7%

22%

66%

12%

36%

49%

2%

5%

11%

-32%

31%

23%

-0%

57%

100%

90%

75%

11%

-6%

94%

75%

75%

66%

78%

82%

49%

2%

7%

11%

-33%

25%

44%

-0%

50%

90%

100%

69%

11%

-8%

90%

73%

92%

62%

75%

94%

45%

0%

0%

11%

-0%

-0%

-0%

40%

74%

75%

69%

100%

11%

0%

85%

40%

49%

98%

47%

68%

49%

0%

0%

100%

-13%

-13%

-11%

-12%

11%

11%

11%

11%

100%

-18%

12%

-3%

3%

7%

-2%

5%

-8%

-1%

-2%

-18%

80%

64%

52%

66%

6%

-6%

-8%

0%

-18%

100%

-3%

38%

14%

15%

38%

16%

82%

7%

10%

12%

-14%

12%

14%

4%

76%

94%

90%

85%

12%

-3%

100%

61%

72%

76%

65%

81%

55%

6%

13%

-3%

-16%

84%

76%

32%

7%

75%

73%

40%

-3%

38%

61%

100%

86%

43%

100%

84%

67%

6%

16%

3%

-26%

52%

75%

16%

22%

75%

92%

49%

3%

14%

72%

86%

100%

47%

86%

97%

53%

0%

0%

7%

10%

10%

9%

58%

66%

66%

62%

98%

7%

15%

76%

43%

47%

100%

49%

67%

56%

5%

12%

-2%

-15%

82%

74%

36%

12%

78%

75%

47%

-2%

38%

65%

100%

86%

49%

100%

86%

69%

5%

13%

5%

-19%

47%

66%

29%

36%

82%

94%

68%

5%

16%

81%

84%

97%

67%

86%

100%

60%

4%

4%

-8%

59%

60%

52%

58%

49%

49%

45%

49%

-8%

82%

55%

67%

53%

56%

69%

60%

100%

corrSTXS, 9 uncertainty sources

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

VBF_J3V
VBF_J3

=0J =1J_0-60
=1J_60-120

=1J_120-200

=1J_200->
>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J =1J >=2J
>=1J 60-200

>=1J 120-200

>=1J >200
>=1J >60

>=1J >120
>=1

VBF_J3V

VBF_J3

=0J

=1J_0-60

=1J_60-120

=1J_120-200

=1J_200->

>=2J_0-60

>=2J_60-120

>=2J_120-200

>=2J_200->

=0J

=1J

>=2J

>=1J 60-200

>=1J 120-200

>=1J >200

>=1J >60

>=1J >120

>=1

100%

-30%

0%

2%

-2%

-5%

-5%

2%

0%

-2%

-3%

0%

0%

6%

1%

-1%

-4%

1%

-2%

4%

-30%

100%

0%

1%

-1%

-2%

-2%

1%

0%

-1%

-1%

0%

0%

7%

4%

6%

-2%

4%

4%

4%

0%

0%

100%

-17%

-17%

-12%

-10%

12%

13%

12%

10%

100%

-18%

13%

-4%

4%

6%

-2%

5%

-8%

2%

1%

-17%

100%

83%

38%

28%

10%

1%

-10%

-18%

-17%

95%

-1%

54%

8%

-9%

47%

3%

78%

-2%

-1%

-17%

83%

100%

82%

70%

-8%

-2%

6%

12%

-17%

97%

-1%

73%

43%

26%

69%

39%

80%

-5%

-2%

-12%

38%

82%

100%

90%

-24%

-4%

21%

39%

-12%

65%

0%

68%

65%

55%

68%

63%

54%

-5%

-2%

-10%

28%

70%

90%

100%

-22%

-4%

21%

54%

-10%

54%

2%

59%

60%

70%

62%

64%

46%

2%

1%

12%

10%

-8%

-24%

-22%

100%

96%

82%

56%

12%

0%

94%

53%

51%

42%

54%

50%

53%

0%

0%

13%

1%

-2%

-4%

-4%

96%

100%

94%

73%

13%

-1%

99%

65%

71%

62%

67%

70%

55%

-2%

-1%

12%

-10%

6%

21%

21%

82%

94%

100%

88%

12%

-1%

95%

72%

88%

80%

76%

87%

53%

-3%

-1%

10%

-18%

12%

39%

54%

56%

73%

88%

100%

10%

-1%

77%

66%

88%

98%

73%

93%

43%

0%

0%

100%

-17%

-17%

-12%

-10%

12%

13%

12%

10%

100%

-18%

13%

-4%

4%

6%

-2%

5%

-8%

0%

0%

-18%

95%

97%

65%

54%

0%

-1%

-1%

-1%

-18%

100%

-1%

67%

29%

11%

62%

24%

83%

6%

7%

13%

-1%

-1%

0%

2%

94%

99%

95%

77%

13%

-1%

100%

67%

75%

67%

69%

74%

56%

1%

4%

-4%

54%

73%

68%

59%

53%

65%

72%

66%

-4%

67%

67%

100%

88%

70%

100%

85%

93%

-1%

6%

4%

8%

43%

65%

60%

51%

71%

88%

88%

4%

29%

75%

88%

100%

89%

91%

99%

66%

-4%

-2%

6%

-9%

26%

55%

70%

42%

62%

80%

98%

6%

11%

67%

70%

89%

100%

77%

95%

47%

1%

4%

-2%

47%

69%

68%

62%

54%

67%

76%

73%

-2%

62%

69%

100%

91%

77%

100%

89%

90%

-2%

4%

5%

3%

39%

63%

64%

50%

70%

87%

93%

5%

24%

74%

85%

99%

95%

89%

100%

61%

4%

4%

-8%

78%

80%

54%

46%

53%

55%

53%

43%

-8%

83%

56%

93%

66%

47%

90%

61%

100%

corrWG1, 8 uncertainty sources

Need also corr. between ggF and VBF, ttH, ...
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Effects of theoretical correlations (ggF only)
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Discrepancies due to missing theoretical correlations? Need help from exp
colleagues!
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Variable Gaussian vs. Gaussian
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(a) Gaussian
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(b) variable Gaussian

Likelihood

−2 log𝐿 = (𝑥̂− 𝑥)𝑇 · 𝐶−1 · (𝑥̂− 𝑥)

𝐶 = Σ · 𝜌 · Σ,
Σ = diag(𝜎1, 𝜎2, . . .)

Gaussian:

𝜎𝑖 = (𝜎+
𝑖 + 𝜎−

𝑖 )/2
Variable Gaussian [Barlow (2004)]:

𝜎𝑖 =

√︁
𝜎+
𝑖 𝜎−

𝑖 + (𝜎+
𝑖 − 𝜎−

𝑖 )(𝑥̂− 𝑥)

= 𝑓(𝐶𝑉 , 𝐶𝐹 )

I Variable Gaussian is better for asymmetric errors !
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SMEFT

ℒSMEFT = ℒSM +
∑︁
𝑖

𝑐
(𝐷=6)
𝑖

Λ2
𝑄

(𝐷=6)
𝑖 +

∑︁
𝑖

𝑐
(𝐷=8)
𝑖

Λ4
𝑄

(𝐷=8)
𝑖 + . . . ,

𝜎𝑝 ∝
⃒⃒
ℳ𝑝

SMEFT

⃒⃒2
=

⃒⃒⃒⃒
⃒ℳ𝑝

SM +
∑︁
𝑖

𝑐𝑖
Λ2

ℳ𝑝
𝑖

⃒⃒⃒⃒
⃒
2

⇒ 𝜎𝑝
SM

(︃
1 +

∑︁
𝑖

𝐴𝑝
𝑖 𝑐𝑖 +

∑︁
𝑖𝑗

𝐵𝑝
𝑖𝑗𝑐𝑖𝑐𝑗

)︃
,

ℬ𝑓 =
Γ𝑓

Γtotal = ℬ𝑓
SM ·

1 +
∑︀

𝑖 𝐴
𝑓
𝑖 𝑐𝑖 +

∑︀
𝑖𝑗 𝐵

𝑓
𝑖𝑗𝑐𝑖𝑐𝑗

1 +
∑︀

𝑓

(︁∑︀
𝑖 𝐴

𝑓
𝑖 𝑐𝑖 +

∑︀
𝑖𝑗 𝐵

𝑓
𝑖𝑗𝑐𝑖𝑐𝑗

)︁ .
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SMEFT fit results
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Lilith application: 1/Λ4 effects

𝜎𝑝 =

⃒⃒⃒⃒
⃒ℳ𝑝

SM +
1

Λ2

∑︁
𝑖

𝑐
(𝐷6)
𝑖 ℳ𝐷6,𝑝

𝑖

+
1

Λ4

∑︁
𝑗

𝑐
(𝐷8)
𝑗 ℳ𝐷8,𝑝

𝑗 + . . .

⃒⃒⃒⃒
⃒⃒
2
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  Lilith-2.2, data from ATLAS HIGG-2018-28
ATLAS official 
full terms
no 3rd-order-terms
only linear terms
non-linear acceptance

Large 1/Λ4 effects !
−→ need D8 operators.
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Summary

I Lilith: a python tool to use ATLAS and CMS Higgs SS and STXS data to
constrain Higgs-coupling parameters.

I Information on the correlation of SM errors between different processes
is still lacking.

I SMEFT: Parametrizations are crucial. ATLAS and CMS, please provide
this information in your papers. We need this to validate our results.
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Thank you for your attention!
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