
CRC Meeting 11.03.24

Maeve Madigan

Heidelberg University

Based on 2312.12502 with N. Elmer, T. Plehn & N. Schmal

Staying on Top of Likelihood Analyses with SFitter



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.24

The SMEFT: a powerful framework for capturing deviations from the SM:
<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>

LSMEFT = LSM +
C(5)

⇤
O

(5) +
X

i

C(6)
i

⇤2
O

(6)
i

<latexit sha1_base64="umlQGphGpHulTeazHTW1rhJT7xg=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCIIRERT0WvXisYNpCG8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjuNyqtrK6tb5Q3K1vbO7t71f2Dpk4yRZlPE5Godkg0E1wy33AjWDtVjMShYK1wdDf1W09MaZ7IRzNOWRCTgeQRp8RYyT/DjuP0qjXXcWfAy8QrSA0KNHrVr24/oVnMpKGCaN3x3NQEOVGGU8EmlW6mWUroiAxYx1JJYqaDfHbsBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTIT3QQ5l2lmmKTzRVEmsEnw9HPc54pRI8aWEKq4vRXTIVGEGptPxYbgLb68TJrnjnflXDxc1uq3RRxlOIJjOAUPrqEO99AAHyhweIZXeEMSvaB39DFvLaFi5hD+AH3+AAsZjYk=</latexit>

+...

Global SMEFT interpretations

2



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.24

The SMEFT: a powerful framework for capturing deviations from the SM:
<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>

LSMEFT = LSM +
C(5)

⇤
O

(5) +
X

i

C(6)
i

⇤2
O

(6)
i

<latexit sha1_base64="umlQGphGpHulTeazHTW1rhJT7xg=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCIIRERT0WvXisYNpCG8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjuNyqtrK6tb5Q3K1vbO7t71f2Dpk4yRZlPE5Godkg0E1wy33AjWDtVjMShYK1wdDf1W09MaZ7IRzNOWRCTgeQRp8RYyT/DjuP0qjXXcWfAy8QrSA0KNHrVr24/oVnMpKGCaN3x3NQEOVGGU8EmlW6mWUroiAxYx1JJYqaDfHbsBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTIT3QQ5l2lmmKTzRVEmsEnw9HPc54pRI8aWEKq4vRXTIVGEGptPxYbgLb68TJrnjnflXDxc1uq3RRxlOIJjOAUPrqEO99AAHyhweIZXeEMSvaB39DFvLaFi5hD+AH3+AAsZjYk=</latexit>

+...

q

q

l
�

l
+

Z
0

q

q̄ l
+

l
�

14

Global SMEFT interpretations

2012.02779, J. Ellis, MM, K. Mimasu, V. Sanz, T. You
2



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.24

The SMEFT: a powerful framework for capturing deviations from the SM:
<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>

LSMEFT = LSM +
C(5)

⇤
O

(5) +
X

i

C(6)
i

⇤2
O

(6)
i

<latexit sha1_base64="umlQGphGpHulTeazHTW1rhJT7xg=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCIIRERT0WvXisYNpCG8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjuNyqtrK6tb5Q3K1vbO7t71f2Dpk4yRZlPE5Godkg0E1wy33AjWDtVjMShYK1wdDf1W09MaZ7IRzNOWRCTgeQRp8RYyT/DjuP0qjXXcWfAy8QrSA0KNHrVr24/oVnMpKGCaN3x3NQEOVGGU8EmlW6mWUroiAxYx1JJYqaDfHbsBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTIT3QQ5l2lmmKTzRVEmsEnw9HPc54pRI8aWEKq4vRXTIVGEGptPxYbgLb68TJrnjnflXDxc1uq3RRxlOIJjOAUPrqEO99AAHyhweIZXeEMSvaB39DFvLaFi5hD+AH3+AAsZjYk=</latexit>

+...

1.6�
1.6�
1.6�2

⌅ < 1.1⇥ 10�2(TeV2)

|yS1 |2 < 1.6⇥ 10�2

|�⌃|2 < 4.5⇥ 10�2

|�Q7 |2 < 0.14

|�⌃1 |2 < 2.7⇥ 10�2

|��1 |2 < 1.7⇥ 10�2

1.2�

|�T1 |2 < 0.22
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• Precision SM calculations, NLO and NNLO

• PDFs

• SMEFT calculations and predictions, e.g. 
SMEFTsim, SMEFT@NLO
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Global SMEFT interpretations
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Figure A.10: Normalized double-differential cross section at the particle level as a function of
m(tt) vs. |y(tt)|. The data are shown as points with gray (yellow) bands indicating the statisti-
cal (statistical and systematic) uncertainties. The cross sections are compared to the predictions
of POWHEG+PYTHIA (P8) for the CP5 and CUETP8M2T4 (T4) tunes, POWHEG+HERWIG (H7),
and the multiparton simulation MG5 aMC@NLO (MG)+PYTHIA. The ratios of the various pre-
dictions to the measured cross sections are shown in the lower panels.

Theory

and photons and to the branching fraction of the Higgs
boson into invisible and undetected decay modes. A variety
of physics-motivated constraints on the Higgs boson total
width are explored: Using searches for H → invisible and
constraints on couplings to vector bosons, the branching
fraction of invisible Higgs boson decays into BSM particles
is constrained to be less than 30% at 95% CL, while the
branching fraction of decays into undetected particles is
less than 22% at 95% CL. The overall branching fraction of
the Higgs boson into BSM decays is determined to be less
than 47% at 95% CL using measurements of off-shell
Higgs boson production in combination with measure-
ments of SM Higgs boson production and rates. No
significant deviation from the SM predictions is observed
in any of the benchmark models studied.
Finally, the results are interpreted in the context of

two-Higgs-doublet models and the hMSSM. Constraints
are set in the ðmA; tan βÞ plane of the hMSSM and the
ðcosðβ − αÞ; tan βÞ plane in 2HDM Type-I, Type-II, lepton-
specific and flipped models.
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APPENDIX: SIMPLIFIED TEMPLATE CROSS
SECTION MEASUREMENT RESULTS WITH

FINER GRANULARITY

This section presents measurements of STXS parameters
in a model that has finer granularity than the model of
Sec. VI B, and is thus closer to the original proposal of
Stage 1 STXS in Refs. [35,36]. The changes relative to the
model of Sec. VI B are as follows: in the gg → H process,
the region defined by pH

T ≥ 200 GeV and ≥ 1 jets is split
into separate bins for 1 jet and ≥ 2 jets; a VBF-topology
(VBF topo) region is defined for events with ≥2 jets using
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FIG. 20. Best-fit values and uncertainties for the cross sections
in each measurement region times the H → ZZ# branching
fraction in a model with finer granularity. The results are shown
normalized to the SM predictions for the various parameters. The
black error bar shows the total uncertainty in each measurement.

G. AAD et al. PHYS. REV. D 101, 012002 (2020)

012002-28

[ATLAS, Phys. Rev. D 101 (2020) 012002]
 [CMS, Phys. Phys. Rev. D 104 (2021) 092013]
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processes as possible
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Published likelihoods
from https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Many more likelihoods being published alongside measurements 🥳


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Outline:
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SFitter


SMEFT fits in the top sector


SFitter and likelihoods 

Goal: to assess the impact of published likelihoods on global 
SMEFT interpretations with SFitter
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<latexit sha1_base64="SzS49wOR5nbsHrp1UKy4sZBoIOk=">AAACA3icbVC7S8NAHL7UV42vqJsuh0VwKongYxGLLg4OFewDmlAu12t79HIJdxelhICLf4ng4qCIq7O7i/jfeEk7aOsHBx/f93vd50eMSmXb30ZhZnZufqG4aC4tr6yuWesbdRnGApMaDlkomj6ShFFOaooqRpqRICjwGWn4g/PMb9wQIWnIr9UwIl6Aepx2KUZKS21ry81nJLd9qkiauAFSfYxYcpmmbatkl+0ccJo4Y1I6/TBPoocvs9q2Pt1OiOOAcIUZkrLl2JHyEiQUxYykphtLEiE8QD3S0pSjgEgvyfencFcrHdgNhX5cwVz93ZGgQMph4OvK7EY56WXif14rVt1jL6E8ihXheLSoGzOoQpgFAjtUEKzYUBOEBdW3QtxHAmGlYzN1CM7kl6dJfb/sHJYPruxS5QyMUATbYAfsAQccgQq4AFVQAxjcgUfwDF6Me+PJeDXeRqUFY9yzCf7AeP8B6Iub/A==</latexit>

L



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.247

SFitter

Likelihood:
<latexit sha1_base64="BvY6o7omMfwYECb1EcWPNYo524I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoICURX8uiG5cV7APaUCaTSTt0MgkzN4US+yduXCji1j9x5984bbPQ1gMXDufcy733+IngGhzn2yqsrK6tbxQ3S1vbO7t79v5BU8epoqxBYxGrtk80E1yyBnAQrJ0oRiJfsJY/vJv6rRFTmsfyEcYJ8yLSlzzklICReradVAL8hOkZ7sKAATnt2WWn6syAl4mbkzLKUe/ZX90gpmnEJFBBtO64TgJeRhRwKtik1E01Swgdkj7rGCpJxLSXzS6f4BOjBDiMlSkJeKb+nshIpPU48k1nRGCgF72p+J/XSSG88TIukxSYpPNFYSowxHgaAw64YhTE2BBCFTe3YjogilAwYZVMCO7iy8ukeV51r6qXDxfl2m0eRxEdoWNUQS66RjV0j+qogSgaoWf0it6szHqx3q2PeWvBymcO0R9Ynz+RYJJX</latexit>

p(d|c, ✓)

d: data 

c: Wilson coefficient 

: nuisance parameterθ



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.247

Likelihood:
<latexit sha1_base64="BvY6o7omMfwYECb1EcWPNYo524I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoICURX8uiG5cV7APaUCaTSTt0MgkzN4US+yduXCji1j9x5984bbPQ1gMXDufcy733+IngGhzn2yqsrK6tbxQ3S1vbO7t79v5BU8epoqxBYxGrtk80E1yyBnAQrJ0oRiJfsJY/vJv6rRFTmsfyEcYJ8yLSlzzklICReradVAL8hOkZ7sKAATnt2WWn6syAl4mbkzLKUe/ZX90gpmnEJFBBtO64TgJeRhRwKtik1E01Swgdkj7rGCpJxLSXzS6f4BOjBDiMlSkJeKb+nshIpPU48k1nRGCgF72p+J/XSSG88TIukxSYpPNFYSowxHgaAw64YhTE2BBCFTe3YjogilAwYZVMCO7iy8ukeV51r6qXDxfl2m0eRxEdoWNUQS66RjV0j+qogSgaoWf0it6szHqx3q2PeWvBymcO0R9Ynz+RYJJX</latexit>

p(d|c, ✓)

sample using MCMC

SFitter



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.247

Likelihood:

sample using MCMC

<latexit sha1_base64="BvY6o7omMfwYECb1EcWPNYo524I=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoICURX8uiG5cV7APaUCaTSTt0MgkzN4US+yduXCji1j9x5984bbPQ1gMXDufcy733+IngGhzn2yqsrK6tbxQ3S1vbO7t79v5BU8epoqxBYxGrtk80E1yyBnAQrJ0oRiJfsJY/vJv6rRFTmsfyEcYJ8yLSlzzklICReradVAL8hOkZ7sKAATnt2WWn6syAl4mbkzLKUe/ZX90gpmnEJFBBtO64TgJeRhRwKtik1E01Swgdkj7rGCpJxLSXzS6f4BOjBDiMlSkJeKb+nshIpPU48k1nRGCgF72p+J/XSSG88TIukxSYpPNFYSowxHgaAw64YhTE2BBCFTe3YjogilAwYZVMCO7iy8ukeV51r6qXDxfl2m0eRxEdoWNUQS66RjV0j+qogSgaoWf0it6szHqx3q2PeWvBymcO0R9Ynz+RYJJX</latexit>

p(d|c, ✓)

marginalise/profile

2208.08454, Brivio et. al

SFitter



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.248

SFitter: likelihood construction

Accurate reconstruction of the likelihood is crucial:



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.248

SFitter: likelihood construction

Accurate reconstruction of the likelihood is crucial:

signal regions control regions
nuisance parameters 
determine the impact of 
uncertainties



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.249

SFitter: theory uncertainties

Theory uncertainties follow a flat distribution:


e.g. QCD scale uncertainties, PDF uncertainties


Theory uncertainties are correlated between measurements of the same observable

<latexit sha1_base64="OBhzj5UyQ2/Vy0IG4EzHMl66YGo=">AAACGnicbVDLSsNAFJ34rPVVdelmsAh1UxLxtSwK4rKCfUATymQ6bYbOJGHmRigh3+HGX3HjQhF34sa/cdoG1NYDA4dzzmXuPX4suAbb/rIWFpeWV1YLa8X1jc2t7dLOblNHiaKsQSMRqbZPNBM8ZA3gIFg7VoxIX7CWP7wa+617pjSPwjsYxcyTZBDyPqcEjNQtOS4EDEg3dZXEEGTY1VxiVxIIKBHpdVYxwkD+BI66pbJdtSfA88TJSRnlqHdLH24voolkIVBBtO44dgxeShRwKlhWdBPNYkKHZMA6hoZEMu2lk9MyfGiUHu5HyrwQ8ET9PZESqfVI+iY53lnPemPxP6+TQP/CS3kYJ8BCOv2onwgMER73hHtcMQpiZAihiptdMQ2IIhRMm0VTgjN78jxpHleds+rp7Um5dpnXUUD76ABVkIPOUQ3doDpqIIoe0BN6Qa/Wo/VsvVnv0+iClc/soT+wPr8Bq0+hRA==</latexit>

✓th ⇠ F(�th)



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.2410

SFitter: systematic uncertainties

             approximated from experimental publications, HEPData and published likelihoods

Systematic uncertainties follow a Gaussian distribution:

Published likelihoods will allow us to validate this approximation

<latexit sha1_base64="BXkC2Cf39kIN7sGHHu6JKyhet7E=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUnE17LoxmUF+4AmhMl02g6dScLMRAmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPmHCmtON8W6WV1bX1jfJmZWt7Z3fPru63VZxKQlsk5rHshlhRziLa0kxz2k0kxSLktBOOb6Z+54FKxeLoXmcJ9QUeRmzACNZGCuyqp9hQ4CD3pEAqU3oS2DWn7syAlolbkBoUaAb2l9ePSSpopAnHSvVcJ9F+jqVmhNNJxUsVTTAZ4yHtGRphQZWfz06foGOj9NEglqYijWbq74kcC6UyEZpOgfVILXpT8T+vl+rBlZ+zKEk1jch80SDlSMdomgPqM0mJ5pkhmEhmbkVkhCUm2qRVMSG4iy8vk/Zp3b2on9+d1RrXRRxlOIQjOAEXLqEBt9CEFhB4hGd4hTfryXqx3q2PeWvJKmYO4A+szx+4ypRR</latexit>�syst



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.2411

SFitter: correlated systematic uncertainties

Systematic uncertainties are grouped into categories:


<latexit sha1_base64="RSXHKi81y3rUz0GmJEssQ6ErBZU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYns8mQ2dllplcIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ3fSK1fcqjsDWSZeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x1JFI278bHbphJxYpU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpySDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH6HMjXE=</latexit>

}
<latexit sha1_base64="VM4NiHBkOIZ0SsITktDFawtTam8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYSNgVX2XQxjKCeUA2hNnJTTJmdnaZuSuEJX9g46/YWChia2vn3zh5FJp4YOBwzr137j1BLIVB1/12MguLS8sr2dXc2vrG5lZ+e6dqokRzqPBIRroeMANSKKigQAn1WAMLAwm1oH898msPoI2I1B0OYmiGrKtER3CGVmrlD33sAbJW6ocMezpM7wGpfwwKdHdgieFMwnDYyhfcojsGnSfelBTIFOVW/stvRzwJQSGXzJiG58bYTJlGwe3AnJ8YiBnvsy40LFUsBNNMx/cM6YFV2rQTafsU0rH6uyNloTGDMLCVo63NrDcS//MaCXYum6lQcYKg+OSjTiIpRnQUDm0LDRzlwBLGtbC7Ut5jmnG0EeZsCN7syfOkelL0zotnt6eF0tU0jizZI/vkiHjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMSnNONOeXfIHzucPiyyc/A==</latexit>

✓jet energy scale

<latexit sha1_base64="lknhkl8Uwen+qwA/229IaOCH6JI=">AAACFHicbVDLSsNAFJ34tr6qLt0MFkFQSiK+lkU3LhVsFZoQJtPbduxkEmZuhBL6EW78FTcuFHHrwp1/46TtQqsHBg7nnMvce6JUCoOu++VMTc/Mzs0vLJaWlldW18rrGw2TZJpDnScy0bcRMyCFgjoKlHCbamBxJOEm6p0X/s09aCMSdY39FIKYdZRoC87QSmF5z8cuIAtzP2bY1XF+B0j9fVCgO31LNJhEZkV2MAjLFbfqDkH/Em9MKmSMy7D86bcSnsWgkEtmTNNzUwxyplFwCYOSnxlIGe+xDjQtVSwGE+TDowZ0xyot2k60fQrpUP05kbPYmH4c2WSxupn0CvE/r5lh+zTIhUozBMVHH7UzSTGhRUO0JTRwlH1LGNfC7kp5l2nG0fZYsiV4kyf/JY2DqndcPbo6rNTOxnUskC2yTXaJR05IjVyQS1InnDyQJ/JCXp1H59l5c95H0SlnPLNJfsH5+AYQFJ96</latexit>

✓jet energy resolution

<latexit sha1_base64="gzJMnG9F2Htep6v9jpNubSUtuTk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpSTia1l041LBaqEJYTK9bUcnM2HmRiihP+HGX3HjQhG3gjv/xkntwteBgTPn3su95ySZ4AZ9/8OZmp6ZnZuvLFQXl5ZXVt219Uujcs2gxZRQup1QA4JLaCFHAe1MA00TAVfJzUlZv7oFbbiSFzjMIEppX/IeZxStFLv1EAeANC7ClOJAp4Wyfx3WrwHDugampEGds7J5NIrdmt/wx/D+kmBCamSCs9h9D7uK5SlIZIIa0wn8DKOCauRMwKga5gYyym5oHzqWSpqCiYqxq5G3bZWu11PaPoneWP0+UdDUmGGa2M7ydvO7Vor/1To59o6igsssR5Dsa1EvFx4qr4zI63JrHMXQEso0t7d6bEA1ZWiDrNoQgt+W/5LL3UZw0Ng/36s1jydxVMgm2SI7JCCHpElOyRlpEUbuyAN5Is/OvfPovDivX61TzmRmg/yA8/YJ3wmgig==</latexit>

✓other jet reconstruction

example: 

<latexit sha1_base64="or4iwiE8icGgu+COxxfiQSqPfD0=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewoy4HYNePEYwCyRh6OnUJG26Z4buGiWM+RQvHhTx6pd482/sLAdNfFDweK+KqnpBIoVB1/12lpZXVtfWcxv5za3tnd1Cca9u4lRzqPFYxroZMANSRFBDgRKaiQamAgmNYHA99hsPoI2IozscJtBRrBeJUHCGVvILxTb2AZmftbWi94Bm5BdKbtmdgC4Sb0ZKZIaqX/hqd2OeKoiQS2ZMy3MT7GRMo+ASRvl2aiBhfMB60LI0YgpMJ5ucPqJHVunSMNa2IqQT9fdExpQxQxXYTsWwb+a9sfif10oxvOxkIkpShIhPF4WppBjTcQ60KzRwlENLGNfC3kp5n2nG0aaVtyF48y8vkvpJ2Tsvn92elipXszhy5IAckmPikQtSITekSmqEk0fyTF7Jm/PkvDjvzse0dcmZzeyTP3A+fwCURpQ5</latexit>

✓jets



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.2411

SFitter: correlated systematic uncertainties

Systematic uncertainties are grouped into categories:


Published likelihoods will allow us to validate this approximation


<latexit sha1_base64="RSXHKi81y3rUz0GmJEssQ6ErBZU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYns8mQ2dllplcIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ3fSK1fcqjsDWSZeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x1JFI278bHbphJxYpU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpySDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH6HMjXE=</latexit>

}
<latexit sha1_base64="VM4NiHBkOIZ0SsITktDFawtTam8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYSNgVX2XQxjKCeUA2hNnJTTJmdnaZuSuEJX9g46/YWChia2vn3zh5FJp4YOBwzr137j1BLIVB1/12MguLS8sr2dXc2vrG5lZ+e6dqokRzqPBIRroeMANSKKigQAn1WAMLAwm1oH898msPoI2I1B0OYmiGrKtER3CGVmrlD33sAbJW6ocMezpM7wGpfwwKdHdgieFMwnDYyhfcojsGnSfelBTIFOVW/stvRzwJQSGXzJiG58bYTJlGwe3AnJ8YiBnvsy40LFUsBNNMx/cM6YFV2rQTafsU0rH6uyNloTGDMLCVo63NrDcS//MaCXYum6lQcYKg+OSjTiIpRnQUDm0LDRzlwBLGtbC7Ut5jmnG0EeZsCN7syfOkelL0zotnt6eF0tU0jizZI/vkiHjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMSnNONOeXfIHzucPiyyc/A==</latexit>

✓jet energy scale

<latexit sha1_base64="lknhkl8Uwen+qwA/229IaOCH6JI=">AAACFHicbVDLSsNAFJ34tr6qLt0MFkFQSiK+lkU3LhVsFZoQJtPbduxkEmZuhBL6EW78FTcuFHHrwp1/46TtQqsHBg7nnMvce6JUCoOu++VMTc/Mzs0vLJaWlldW18rrGw2TZJpDnScy0bcRMyCFgjoKlHCbamBxJOEm6p0X/s09aCMSdY39FIKYdZRoC87QSmF5z8cuIAtzP2bY1XF+B0j9fVCgO31LNJhEZkV2MAjLFbfqDkH/Em9MKmSMy7D86bcSnsWgkEtmTNNzUwxyplFwCYOSnxlIGe+xDjQtVSwGE+TDowZ0xyot2k60fQrpUP05kbPYmH4c2WSxupn0CvE/r5lh+zTIhUozBMVHH7UzSTGhRUO0JTRwlH1LGNfC7kp5l2nG0fZYsiV4kyf/JY2DqndcPbo6rNTOxnUskC2yTXaJR05IjVyQS1InnDyQJ/JCXp1H59l5c95H0SlnPLNJfsH5+AYQFJ96</latexit>

✓jet energy resolution

<latexit sha1_base64="gzJMnG9F2Htep6v9jpNubSUtuTk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpSTia1l041LBaqEJYTK9bUcnM2HmRiihP+HGX3HjQhG3gjv/xkntwteBgTPn3su95ySZ4AZ9/8OZmp6ZnZuvLFQXl5ZXVt219Uujcs2gxZRQup1QA4JLaCFHAe1MA00TAVfJzUlZv7oFbbiSFzjMIEppX/IeZxStFLv1EAeANC7ClOJAp4Wyfx3WrwHDugampEGds7J5NIrdmt/wx/D+kmBCamSCs9h9D7uK5SlIZIIa0wn8DKOCauRMwKga5gYyym5oHzqWSpqCiYqxq5G3bZWu11PaPoneWP0+UdDUmGGa2M7ydvO7Vor/1To59o6igsssR5Dsa1EvFx4qr4zI63JrHMXQEso0t7d6bEA1ZWiDrNoQgt+W/5LL3UZw0Ng/36s1jydxVMgm2SI7JCCHpElOyRlpEUbuyAN5Is/OvfPovDivX61TzmRmg/yA8/YJ3wmgig==</latexit>

✓other jet reconstruction

<latexit sha1_base64="or4iwiE8icGgu+COxxfiQSqPfD0=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewoy4HYNePEYwCyRh6OnUJG26Z4buGiWM+RQvHhTx6pd482/sLAdNfFDweK+KqnpBIoVB1/12lpZXVtfWcxv5za3tnd1Cca9u4lRzqPFYxroZMANSRFBDgRKaiQamAgmNYHA99hsPoI2IozscJtBRrBeJUHCGVvILxTb2AZmftbWi94Bm5BdKbtmdgC4Sb0ZKZIaqX/hqd2OeKoiQS2ZMy3MT7GRMo+ASRvl2aiBhfMB60LI0YgpMJ5ucPqJHVunSMNa2IqQT9fdExpQxQxXYTsWwb+a9sfif10oxvOxkIkpShIhPF4WppBjTcQ60KzRwlENLGNfC3kp5n2nG0aaVtyF48y8vkvpJ2Tsvn92elipXszhy5IAckmPikQtSITekSmqEk0fyTF7Jm/PkvDjvzse0dcmZzeyTP3A+fwCURpQ5</latexit>

✓jets

example: 

<latexit sha1_base64="or4iwiE8icGgu+COxxfiQSqPfD0=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewoy4HYNePEYwCyRh6OnUJG26Z4buGiWM+RQvHhTx6pd482/sLAdNfFDweK+KqnpBIoVB1/12lpZXVtfWcxv5za3tnd1Cca9u4lRzqPFYxroZMANSRFBDgRKaiQamAgmNYHA99hsPoI2IozscJtBRrBeJUHCGVvILxTb2AZmftbWi94Bm5BdKbtmdgC4Sb0ZKZIaqX/hqd2OeKoiQS2ZMy3MT7GRMo+ASRvl2aiBhfMB60LI0YgpMJ5ucPqJHVunSMNa2IqQT9fdExpQxQxXYTsWwb+a9sfif10oxvOxkIkpShIhPF4WppBjTcQ60KzRwlENLGNfC3kp5n2nG0aaVtyF48y8vkvpJ2Tsvn92elipXszhy5IAckmPikQtSITekSmqEk0fyTF7Jm/PkvDjvzse0dcmZzeyTP3A+fwCURpQ5</latexit>

✓jets

is 100% correlated between measurements

Different categories are uncorrelated: e.g.               ,                  ,                        …….. 
<latexit sha1_base64="or4iwiE8icGgu+COxxfiQSqPfD0=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewoy4HYNePEYwCyRh6OnUJG26Z4buGiWM+RQvHhTx6pd482/sLAdNfFDweK+KqnpBIoVB1/12lpZXVtfWcxv5za3tnd1Cca9u4lRzqPFYxroZMANSRFBDgRKaiQamAgmNYHA99hsPoI2IozscJtBRrBeJUHCGVvILxTb2AZmftbWi94Bm5BdKbtmdgC4Sb0ZKZIaqX/hqd2OeKoiQS2ZMy3MT7GRMo+ASRvl2aiBhfMB60LI0YgpMJ5ucPqJHVunSMNa2IqQT9fdExpQxQxXYTsWwb+a9sfif10oxvOxkIkpShIhPF4WppBjTcQ60KzRwlENLGNfC3kp5n2nG0aaVtyF48y8vkvpJ2Tsvn92elipXszhy5IAckmPikQtSITekSmqEk0fyTF7Jm/PkvDjvzse0dcmZzeyTP3A+fwCURpQ5</latexit>

✓jets
<latexit sha1_base64="0vOOCjWPYgorP7EQrdqm4WuuWjo=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTia1l047KCfUATwmQ6aYfOJGHmRimxn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPmAquwXG+rdLK6tr6RnmzsrW9s7tnV/fbOskUZS2aiER1Q6KZ4DFrAQfBuqliRIaCdcLRzdTvPDCleRLfwzhlviSDmEecEjBSYFc9GDIgQe4piUUm+SSwa07dmQEvE7cgNVSgGdhfXj+hmWQxUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMjYlk2s9np0/wsVH6OEqUqRjwTP09kROp9ViGplMSGOpFbyr+5/UyiK78nMdpBiym80VRJjAkeJoD7nPFKIixIYQqbm7FdEgUoWDSqpgQ3MWXl0n7tO5e1M/vzmqN6yKOMjpER+gEuegSNdAtaqIWougRPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weV6pQ6</latexit>

✓lumi
<latexit sha1_base64="EUA5dYCBEQy88gQA4Z+vnNyUnRk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRt2PQi8cIZoFMCD2dStKkp2forhHiEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6YSKFQc/7dnJLyyura/n1wsbm1vaOu7tXM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeji4Gfv1B9BGxOoehwm0ItZTois4Qyu13YMA+4CsnQU6ohISjJUZtd2iV/ImoIvEn5EimaHSdr+CTszTCBRyyYxp+l6CrYxpFFzCqBCkBhLGB6wHTUsVi8C0ssn1I3pslQ7txtqWQjpRf09kLDJmGIW2M2LYN/PeWPzPa6bYvWplQiUpguLTRd1UUozpOAraERo4yqEljGthb6W8zzTjaAMr2BD8+ZcXSe205F+Uzu/OiuXrWRx5ckiOyAnxySUpk1tSIVXCySN5Jq/kzXlyXpx352PamnNmM/vkD5zPHxVPlaY=</latexit>
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2208.08454, Brivio et. al, Higgs + diboson global fit

SFitter: profiling and marginalisation

Constraints on parameters of interest are 
obtained by profiling or marginalisation

Profiling: 

Marginalisation:
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SMEFT fits in the top sector 
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The top sector of the SMEFT

We will constrain 22 operators of 
the dimension-6 SMEFT
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The top sector of the SMEFT
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(d) ALP contribution

Figure 13: Relevant diagrams for the calculation of the SM-ALP interference in gg ! tt̄

production.

where ŝ, t̂, û are the Mandelstam variables defined as

s = (p1 + p2)
2 = 2(p1 · p2)

t = (p1 � p3)
2 = �2(p1 · p3) + m2

t

u = (p1 � p4)
2 = �2(p1 · p4) + m2

t ,

(D.3)

where p1, p2 are the momenta of the incoming gluons and p3, p4 are the momenta of the
outgoing top quark and antiquark. Note the difference in denominators between the ALP-
ALP and SM-ALP terms: the ALP-ALP contribution to tt̄ is a purely s-channel diagram;
however it interferes with only the SM t� and u-channels. This is because the ALP is
colourless, leading to a factor of �ab in its coupling to a pair of gluons. The SM s-channel
proceeds through the totally antisymmetric triple gauge coupling / fabc, and hence the
interference between the ALP diagram and the SM s-channel is zero.

To understand the behaviour of the ALP-ALP squared contribution and SM-ALP in-
terference contribution to the differential cross sections considered in the analysis of Sec. ??,

– 28 –
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The top sector of the SMEFT
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q̄ t

2

<latexit sha1_base64="3Ca8sDs/NL2fM0Z09sd2XWWUcPM=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILiQk4qXLYjcuK9gLtDFMJpN26GQSZyZCCQE3voobF4q49SXc+TZO2yy09YeBj/+cw5nz+wmjUtn2t7GwuLS8slpaK69vbG5tmzu7LRmnApMmjlksOj6ShFFOmooqRjqJICjyGWn7w/q43n4gQtKY36pRQtwI9TkNKUZKW565X/ey+yC/y6r5CdScqilbluWZFduyJ4Lz4BRQAYUanvnVC2KcRoQrzJCUXcdOlJshoShmJC/3UkkShIeoT7oaOYqIdLPJDTk80k4Aw1joxxWcuL8nMhRJOYp83RkhNZCztbH5X62bqrDqZpQnqSIcTxeFKYMqhuNAYEAFwYqNNCAsqP4rxAMkEFY6trIOwZk9eR5ap5ZzYZ3fnFVqV0UcJXAADsExcMAlqIFr0ABNgMEjeAav4M14Ml6Md+Nj2rpgFDN74I+Mzx9/d5bJ</latexit>

C8
qd, C

8
ut, ...

 production:tt̄

Energy growing effect in kinematic distributions
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The top sector of the SMEFT

1910.03606, Brivio et. al

Single top 
production
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The top sector of the SMEFT

+ contributions to 

tt̄ + X(Z, W, γ)

single top  + X(Z, W)



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.2418

SFitter global fit of 
the top sector

1910.03606, Brivio et. al
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2012.02779, J. Ellis, MM, 
K. Mimasu, V. Sanz, T. You

Global fit of Higgs, top, diboson and 
electroweak observables constraining 34 
coefficients of the dimension-6 SMEFT
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Impact of higher order EFT terms and 
NLO calculations in the SMEFT

J. Ethier et. al, 2105.00006

<latexit sha1_base64="W9CF6WbSVBv5MComXJg5cdHvdDQ="></latexit>
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The top sector after Run II Z. Kassabov et. al , 2303.06159

Top quark data available in 2023
Top quark data available in 2021
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The top sector after Run II Z. Kassabov et. al , 2303.06159

Top quark data available in 2023
Top quark data available in 2021

Precise constraints on the 
top sector of the SMEFT at 
the end of Run II 


➡ Accurate modelling of 
systematic and theoretical 
uncertainties is crucial
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SFitter and likelihoods 
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SFitter and published likelihoods

signal regions control regions
nuisance parameters 
determine the impact of 
uncertainties

Recall:
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SFitter and published likelihoods

Recall:

Published likelihoods allow us to accurately reconstruct this:


• json format specifying parameters of the statistical model

• can be read and analysed using pyhf              pyhf.readthedocs.io

• visualisation with cabinetry                            cabinetry.readthedocs.io
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SFitter and published likelihoods
We will make use of three published likelihoods in SFitter:

ATLAS measurement of the 
 total cross section 


at 13 TeV
tt̄

ATLAS measurement of the  
  total cross section 


at 13 TeV
tt̄Z

ATLAS measurement of the 
s-channel single top 

total cross section  

at 13 TeV

2006.13076 2103.12603 2209.08990

Added to an updated global fit of the top sector: 122 measurements from  , single toptt̄, tt̄ + X(Z, W, γ)
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ATLAS measurement of the   total cross section at 13 TeV, 2006.13076tt̄
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θΔ+θ = θ θΔ-θ = θ

pred
incσ/incσPost-fit impact on 

θΔ+θ = θ θΔ-θ = θ

Nuis. Param. Pull
ATLAS

-1 = 13 TeV, 139 fbs

detailed information on 
systematic uncertainties

Case 1:  productiontt̄



Maeve Madigan | Staying on Top of Likelihood Analyses with SFitter CRC Meeting, KIT, 11.03.2426

ATLAS measurement of the   total cross section at 13 TeV, 2006.13076tt̄
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ATLAS measurement of the   total cross section at 13 TeV, 2006.13076tt̄
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Assumption of gaussian distributions for systematic uncertainties is validated ✅

Case 1:  productiontt̄
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ATLAS measurement of the   total cross section at 13 TeV, 2006.13076tt̄

We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories

Case 1:  productiontt̄
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Case 1:  productiontt̄
ATLAS measurement of the   total cross section at 13 TeV, 2006.13076tt̄

We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories
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Case 2:   production tt̄Z
ATLAS measurement of the    total 
cross section at 13 TeV, 2103.12603

tt̄Z
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Assumption of gaussian distributions for systematic uncertainties is validated ✅

Case 2:   production tt̄Z
ATLAS measurement of the    total 
cross section at 13 TeV, 2103.12603
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We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories

Case 2:   production tt̄Z
ATLAS measurement of the    total 
cross section at 13 TeV, 2103.12603
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We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories

Assumption of zero correlation between 
categories is justified ✅

Case 2:   production tt̄Z
ATLAS measurement of the    total 
cross section at 13 TeV, 2103.12603
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Case 3: s-channel single top production
ATLAS measurement of the s-channel single top production total cross section at 13 TeV, 2209.08990
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Case 3: s-channel single top production

Assumption of gaussian distributions for systematic uncertainties is validated ✅
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Case 3: s-channel single top production
ATLAS measurement of the s-channel single top production total cross section at 13 TeV, 2209.08990

We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories
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Case 3: s-channel single top production
ATLAS measurement of the s-channel single top production total cross section at 13 TeV, 2209.08990

We can analyse the correlations between 
systematic uncertainties before and after 
grouping in to SFitter categories

Assumption of zero correlation between 
categories is justified ✅
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Results: impact of correlated systematic uncertainties
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Results: impact of correlated systematic uncertainties
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More SFitter results
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Boosted tops
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ATLAS measurement of top quark pair production using 
boosted top quarks at 13 TeV, 2205.02817
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Marginalisation vs profiling
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Conclusions
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Likelihoods can now be implemented in SFitter.  
These allow us to 

- validate our methodology 

- accurately model the effect of systematic 

uncertainties on the SMEFT


However, the impact of likelihoods is limited by:


- theory uncertainties, which dominate in the top 
sector


- availability of likelihoods for differential 
measurements 
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Likelihoods can now be implemented in SFitter.  
These allow us to 

- validate our methodology 

- accurately model the effect of systematic 

uncertainties on the SMEFT


However, the impact of likelihoods is limited by:


- theory uncertainties, which dominate in the top 
sector


- availability of likelihoods for differential 
measurements 

Thank you for listening!


