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Motivation

• The LHC runs at 8 and 13 TeV have led to a wealth of experimental 
results on the 125 GeV Higgs boson.  

• Increasingly precise picture of the various Higgs production & decay 
processes, and consequently of the Higgs couplings to the SM gauge 
bosons and (3rd generation) fermions.
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• BSM theories typically predict deviations from the SM expectations  
(mixing effects in enlarged Higgs sectors, loop contributions from new particles,                 
higher-order EFT effects, new decay modes, ….). 

• The Higgs data therefore provide strong constraints and have 
become a major guideline for BSM theories. 

© Lison Bernet

http://phdcomics.com/higgs/index.php?page=0
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: Light Likelihood fit for the Higgs

• Lilith is a light and easy-to-use Python tool for 
constraining new physics from signal strength 
measurements of the 125 GeV Higgs boson.  

• The Higgs likelihood is evaluated from the user input, 
given in XML format in terms of reduced couplings 
or signal strengths. 

• Based on experimental results from ATLAS and CMS 
stored in an easily extensible XML database.
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https://github.com/sabinekraml/Lilith-2

Features of Lilith-2 : 

• Use of variable Gaussian and generalized Poisson 
likelihoods for a better treatment of asymmetric 
uncertainties. 

• Use of N-dim correlation matrices for ordinary 
and variable Gaussian likelihoods. 

• Database 19.09 contains the published ATLAS and 
CMS Run 2 results for 36/fb as of Sep 2019. 

• Update for full Run-2 luminosity results in progress.

Lilith
Bernon, Dumont, arXiv:1502.04138


SK, Loc, Nhung, Ninh, arXiv:1908.03952

https://github.com/sabinekraml/Lilith-2
https://github.com/sabinekraml/Lilith-2
https://arxiv.org/abs/1502.04138
https://arxiv.org/abs/1908.03952
https://arxiv.org/abs/1502.04138
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Signal strength framework

The likelihood in terms of µ(X,Y) allows for reinterpretation of the results in models where the    
signal acceptances for the (X,Y) are to good approximation the same as in the SM: 

‣ SM tensor structure 
‣ no new production modes
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µ(X,Y ) ⌘ �(X) BR(H ! Y )

�SM(X) BRSM(H ! Y )

<latexit sha1_base64="2xmjpYjAkKhKQrSXe07b5XR3nd0="></latexit>

decay mode: Y ∈ (𝛾𝛾, ZZ*, WW*, bb, 𝜏𝜏,…) 

production mode: X ∈ (ggH, VBF, ZH, WH, ttH, …) nb, here the fundamental production modes are 
unfolded from the experimental categories 
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Signal strength framework

… in this case, new physics results only in the scaling of SM Higgs processes 

The factors CXX and CYY can be identified to (or derived from) “reduced couplings” appearing             
in an effective Lagrangian:  
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µ(X,Y ) ⌘ �(X) BR(H ! Y )

�SM(X) BRSM(H ! Y )
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<latexit sha1_base64="kwB/sjAsF9aBx3o61nzPO/7hkiw="></latexit>
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<latexit sha1_base64="IFWEEmJUEPCxRwiaLuxB5B8U+w0="></latexit>

In addition, we define the loop-induced couplings Cg and C𝛾 of the Higgs to gluons and photons.
Belanger, Dumont, Ellwanger, Gunion, SK, arXiv:1212.5244; 


equivalent to 𝜅 framework of HXSWG, arXiv:1307.1347.

https://arxiv.org/abs/1212.5244
https://arxiv.org/abs/1307.1347
https://arxiv.org/abs/1212.5244
https://arxiv.org/abs/1307.1347
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Types of results used in Lilith (examples)
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μ

Unfortunately often not available on 
HEPData; need to digitize “by hand”
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Likelihood calculation

• Variable Gaussian 

1-dim: 

n-dim: 

• Generalized Poisson 

1-dim: 

+ 2-dim implementation
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logL(µ) =
(µ� µ̂)2

�+�� + (�+ � ��)(µ� µ̂)

<latexit sha1_base64="Xk+U9Sm79lwhuXaQrTH0Cuq1YV4="></latexit>

logL(µ) = (µ� µ̂)TV �1(µ� µ̂)

<latexit sha1_base64="nVpB4lyLTVC2eUCzovshCVmMzxg="></latexit>

covariance matrix

logL(µ) = �⌫�(µ� µ̂) + ⌫ log[1 + �(µ� µ̂)]

<latexit sha1_base64="uJ+q8ANQAR4nL5GBWV3FYgwzw9U=">AAACMXicbVBNSwMxFMz6WetX1aOXYBEqYtmVil6EopcePFSwrdBdyts0bUOT7JJkhVL6l7z4T8RLD4p49U+YbXtQ24HAMDOPlzdhzJk2rjt2lpZXVtfWMxvZza3tnd3c3n5dR4kitEYiHqnHEDTlTNKaYYbTx1hRECGnjbB/m/qNJ6o0i+SDGcQ0ENCVrMMIGCu1chWfR118V/BFcoKv8ZkvE78LQkCqnPk9MBPnFKdGGm16pwsCAW7l8m7RnQDPE29G8miGaiv36rcjkggqDeGgddNzYxMMQRlGOB1l/UTTGEgfurRpqQRBdTCcXDzCx1Zp406k7JMGT9TfE0MQWg9EaJMCTE//91JxkddMTOcqGDIZJ4ZKMl3USTg2EU7rw22mKDF8YAkQxexfMemBAmJsyVlbgvf/5HlSPy96peLFfSlfvpnVkUGH6AgVkIcuURlVUBXVEEHP6A29ow/nxRk7n87XNLrkzGYO0B843z+whKeF</latexit>

1� ���

1 + ��+
= e��(�++��) , ⌫ =

1

2(��+ � log(1 + ��+))

<latexit sha1_base64="TNRv5vqceYKVfKp5S/HzINkIyFU="></latexit>

µ(VBF,WW ) = 1.04+0.24
�0.20

<latexit sha1_base64="5KV9pAx7/j2r8Lu7KsczVr61U6k=">AAACD3icbVDLSgMxFM3UV62vqks3waJU1GGmVHQjFBVxWcF2Cm0tmTTThiYzQ5IRyjB/4MZfceNCEbdu3fk3pu0stPXA5R7OuZfkHjdkVCrL+jYyc/MLi0vZ5dzK6tr6Rn5zqy6DSGBSwwELRMNFkjDqk5qiipFGKAjiLiOOO7gc+c4DEZIG/p0ahqTNUc+nHsVIaamT32/xqBi3BIf1i+vkyHEOzm3TKt/Hh5ZZKied+Fh3K+nkC5ZpjQFniZ2SAkhR7eS/Wt0AR5z4CjMkZdO2QtWOkVAUM5LkWpEkIcID1CNNTX3EiWzH43sSuKeVLvQCoctXcKz+3ogRl3LIXT3JkerLaW8k/uc1I+WdtWPqh5EiPp485EUMqgCOwoFdKghWbKgJwoLqv0LcRwJhpSPM6RDs6ZNnSb1k2mXz5LZcqFylcWTBDtgFRWCDU1ABN6AKagCDR/AMXsGb8WS8GO/Gx2Q0Y6Q72+APjM8fxS2ZVA==</latexit>

• Interpolated data grid

following R. Barlow, physics/0406120

see arXiv:1908.03952 for details

µ(VBF,WW )

<latexit sha1_base64="cPcO2uk4Wa20OOMuy2sbw4yV89I=">AAAB+nicbVBNS8NAEN34WetXqkcvi0WoICWRih6LinisYJtCE8pmu2mX7m7C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxNGlXacb2tpeWV1bb2wUdzc2t7ZtUt7LRWnEpMmjlks2yFShFFBmppqRtqJJIiHjHjh8Griew9EKhqLez1KSMBRX9CIYqSN1LVLPk8rmS85bF3ejE8877hrl52qMwVcJG5OyiBHo2t/+b0Yp5wIjRlSquM6iQ4yJDXFjIyLfqpIgvAQ9UnHUIE4UUE2PX0Mj4zSg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybif14n1dFFkFGRpJoIPFsUpQzqGE5ygD0qCdZsZAjCkppbIR4gibA2aRVNCO78y4ukdVp1a9Wzu1q5fp3HUQAH4BBUgAvOQR3cggZoAgwewTN4BW/Wk/VivVsfs9YlK5/ZB39gff4AqQ6S+Q==</latexit>

https://arxiv.org/abs/physics/0406120
https://arxiv.org/abs/1908.03952
https://arxiv.org/abs/physics/0406120
https://arxiv.org/abs/1908.03952


S. Kraml, 5 Nov 2020 Constraining new physics from Higgs measurements with Lilith-2

Likelihood calculation

• Variable Gaussian 

1-dim: 

n-dim: 

• Generalized Poisson 

1-dim: 

+ 2-dim implementation

7

logL(µ) =
(µ� µ̂)2

�+�� + (�+ � ��)(µ� µ̂)

<latexit sha1_base64="Xk+U9Sm79lwhuXaQrTH0Cuq1YV4="></latexit>

logL(µ) = (µ� µ̂)TV �1(µ� µ̂)

<latexit sha1_base64="nVpB4lyLTVC2eUCzovshCVmMzxg="></latexit>

covariance matrix

logL(µ) = �⌫�(µ� µ̂) + ⌫ log[1 + �(µ� µ̂)]

<latexit sha1_base64="uJ+q8ANQAR4nL5GBWV3FYgwzw9U=">AAACMXicbVBNSwMxFMz6WetX1aOXYBEqYtmVil6EopcePFSwrdBdyts0bUOT7JJkhVL6l7z4T8RLD4p49U+YbXtQ24HAMDOPlzdhzJk2rjt2lpZXVtfWMxvZza3tnd3c3n5dR4kitEYiHqnHEDTlTNKaYYbTx1hRECGnjbB/m/qNJ6o0i+SDGcQ0ENCVrMMIGCu1chWfR118V/BFcoKv8ZkvE78LQkCqnPk9MBPnFKdGGm16pwsCAW7l8m7RnQDPE29G8miGaiv36rcjkggqDeGgddNzYxMMQRlGOB1l/UTTGEgfurRpqQRBdTCcXDzCx1Zp406k7JMGT9TfE0MQWg9EaJMCTE//91JxkddMTOcqGDIZJ4ZKMl3USTg2EU7rw22mKDF8YAkQxexfMemBAmJsyVlbgvf/5HlSPy96peLFfSlfvpnVkUGH6AgVkIcuURlVUBXVEEHP6A29ow/nxRk7n87XNLrkzGYO0B843z+whKeF</latexit>

1� ���

1 + ��+
= e��(�++��) , ⌫ =

1

2(��+ � log(1 + ��+))

<latexit sha1_base64="TNRv5vqceYKVfKp5S/HzINkIyFU="></latexit>

µ(VBF,WW ) = 1.04+0.24
�0.20

<latexit sha1_base64="5KV9pAx7/j2r8Lu7KsczVr61U6k=">AAACD3icbVDLSgMxFM3UV62vqks3waJU1GGmVHQjFBVxWcF2Cm0tmTTThiYzQ5IRyjB/4MZfceNCEbdu3fk3pu0stPXA5R7OuZfkHjdkVCrL+jYyc/MLi0vZ5dzK6tr6Rn5zqy6DSGBSwwELRMNFkjDqk5qiipFGKAjiLiOOO7gc+c4DEZIG/p0ahqTNUc+nHsVIaamT32/xqBi3BIf1i+vkyHEOzm3TKt/Hh5ZZKied+Fh3K+nkC5ZpjQFniZ2SAkhR7eS/Wt0AR5z4CjMkZdO2QtWOkVAUM5LkWpEkIcID1CNNTX3EiWzH43sSuKeVLvQCoctXcKz+3ogRl3LIXT3JkerLaW8k/uc1I+WdtWPqh5EiPp485EUMqgCOwoFdKghWbKgJwoLqv0LcRwJhpSPM6RDs6ZNnSb1k2mXz5LZcqFylcWTBDtgFRWCDU1ABN6AKagCDR/AMXsGb8WS8GO/Gx2Q0Y6Q72+APjM8fxS2ZVA==</latexit>

• Interpolated data grid

following R. Barlow, physics/0406120

see arXiv:1908.03952 for details

µ(VBF,WW )

<latexit sha1_base64="cPcO2uk4Wa20OOMuy2sbw4yV89I=">AAAB+nicbVBNS8NAEN34WetXqkcvi0WoICWRih6LinisYJtCE8pmu2mX7m7C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxNGlXacb2tpeWV1bb2wUdzc2t7ZtUt7LRWnEpMmjlks2yFShFFBmppqRtqJJIiHjHjh8Griew9EKhqLez1KSMBRX9CIYqSN1LVLPk8rmS85bF3ejE8877hrl52qMwVcJG5OyiBHo2t/+b0Yp5wIjRlSquM6iQ4yJDXFjIyLfqpIgvAQ9UnHUIE4UUE2PX0Mj4zSg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybif14n1dFFkFGRpJoIPFsUpQzqGE5ygD0qCdZsZAjCkppbIR4gibA2aRVNCO78y4ukdVp1a9Wzu1q5fp3HUQAH4BBUgAvOQR3cggZoAgwewTN4BW/Wk/VivVsfs9YlK5/ZB39gff4AqQ6S+Q==</latexit>
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ATLAS Run-2 36/fb results in DB 19.09
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CMS Run-2 36/fb results in DB 19.09
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Validation examples - CMS combination
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😖 😀

24 channels!

(using variable Gaussian)
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Validation examples - ATLAS H→ZZ*→4l
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Table 9 Aux.Fig. 4c Aux.Fig. 7a Aux.Fig. 7b

😀😕 🤨



S. Kraml, 5 Nov 2020 Constraining new physics from Higgs measurements with Lilith-2

Constraints on couplings - status Sep. 2019
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Constraints on couplings - status Sep. 2019
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full contours: Run 2 
dashed contours: Run1 + Run2
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Constraints on couplings - status Sep. 2019
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full contours: Run 2 
dashed contours: Run1 + Run2
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Constraints on couplings - status Sep. 2019
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full contours: Run 2 
dashed contours: Run1 + Run2
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Ongoing developments

• The code has recently been translated from Python 2 to Python 3  (M1 internship of Marius Bertrand)       
public release of new Python 3 version to come soon  

• We are heavily working on a database update for full Run 2 luminosity (~140/fb) results;          
not at all straightforward …. often no validation material, or other problems  

15

big effort by 

Tran Quang Loc

𝛾𝛾 ZZ WW 𝜏𝜏 bb μμ inv. combination

ATLAS
CONF: 

2020-026 
2019-004

HIGG-2018-
28

CONF-2020
-045

HIGG-2018-
51 

HIGG-2019-
14

CONF-2020
-027

CMS PAS-19-015
HIG-19-013 PAS-19-010 HIG-19-006 HIG-19-005

issues with validation, no validation material, looks ok

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-015/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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ATLAS H→ZZ*→4l ATLAS comb. CMS H→𝛾𝛾 CMS H→𝜏𝜏

Ongoing developments

• The code has recently been translated from Python 2 to Python 3  (M1 internship of Marius Bertrand)       
public release of new Python 3 version to come soon  

• We are heavily working on a database update for full Run 2 luminosity (~140/fb) results;          
not at all straightforward …. often no validation material, or other problems  
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Treatment of  
SM uncertainties??

big effort by 

Tran Quang Loc

PRELIMINARY
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: Light Likelihood fit for the Higgs

• Light and easy-to-use Python tool for constraining new physics 
from signal strength measurements of the 125 GeV Higgs boson.  

• v2.0 features a better treatment of asymmetric uncertainties     
and correlations: variable Gaussian and generalized Poisson 
likelihoods; use of N-dim correlation matrices (for v.Gauss.). 

• Database 19.09 contains the published ATLAS and CMS Run 2 
results for 36/fb as of Sep 2019. 

• Currently Python 2, beta version for Python 3  

• Update for full Run-2 luminosity results in progress.
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Lilith

https://github.com/sabinekraml/Lilith-2

© Lison Bernet

https://github.com/sabinekraml/Lilith-2
https://github.com/sabinekraml/Lilith-2
https://www.lisonbernet.com/
https://www.lisonbernet.com/
http://www.lhc-france.fr/spip.php?article895
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Production mode results

ATLAS measures �i while CMS measures signal strength µi

di↵erence in the treatment of theoretical uncertainties
I in the first case, factorize out theory uncertainty on cross-section and include in SM

prediction

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

Cross-section normalized to SM value

Total Stat. Syst. SM PreliminaryATLAS
-1 = 13 TeV, 24.5 - 139 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

 = 86%
SM

p
            Total     Stat.    Syst.

ggF   1.00  (  0.07±  ,  0.05±  ) 0.05± 

VBF   1.15  (  0.17−

 0.18+
  ,  0.13±  ) 0.10−

 0.12+
 

WH   1.20  (  0.21−

 0.23+
  ,  0.16−

 0.17+
  ) 0.14−

 0.15+
 

ZH   0.98  (  0.21−

 0.22+
  ,  0.16±  ) 0.13−

 0.15+
 

tH+ttH   1.10  (  0.20−

 0.21+
  ,  0.15−

 0.16+
  ) 0.13−

 0.14+
 

ATLAS: significance > 5� for all production modes
0 0.5 1 1.5 2 2.5     

Parameter value

ttH
µ

ZH
µ

WH
µ

VBF
µ

ggH
µ

 (13 TeV)-135.9-137 fb
Observed

 syst)⊕ (stat σ1±
 (syst)σ1±
 (stat)σ1±

 syst)⊕ (stat σ2±

CMS
Preliminary

0.20−
0.21+1.14 0.13−

0.13+ 0.15−
0.17+ 

0.30−
0.31+0.98 0.25−

0.26+ 0.16−
0.17+ 

0.35−
0.37+1.46 0.28−

0.29+ 0.21−
0.22+ 

0.17−
0.19+0.75 0.15−

0.16+ 0.08−
0.10+ 

0.09−
0.09+1.04 0.05−

0.05+ 0.07−
0.08+ 

Best-fit Stat Syst
 = 54%

SM
p

Very good agreement with SM, both pSM > 50%
Started becoming systematic dominated, ggH precision ⇠ theory uncertainty

D. Mungo (U. of Milan & INFN MI) Higgs combination: µ, , STXS, MSSM 28 October 2020 5 / 17
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Recommendations from the Reinterpretation Forum
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The signal strength framework remains of high interest because of its power and ease of use in constraining 
new physics […]. We encourage the experimental collaborations to continue to provide detailed Higgs 
signal strength multiplier results (“μ values”) in addition to STXS and differential fiducial cross-sections. 

For optimal usefulness, we would appreciate: 

• best-fit μ’s and uncertainties for the experimental reconstructed event categories and for the pure, unfolded 
Higgs production×decay modes (allowing for negative μ values in order to have an unbiased estimator); 

• channel-by-channel correlation or covariance matrices, separately for experimental and theoretical 
uncertainties, as well as for the total (combined) uncertainties; 

• reference values (normalisation) of the corresponding SM predictions, or a clear reference where these values 
can be found, in the same binning as the experimental results; 

• signal efficiencies per signal channel (i.e. each production×decay mode), assuming SM Higgs kinematics;      
for  combinations of production and/or decay modes, their relative contributions wherever possible.

arXiv:2003.07868

https://arxiv.org/abs/2003.07868
https://arxiv.org/abs/2003.07868

