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• ATLAS & LHCb measurements of          1701.07240, 2109.01113

• STXS measurements of Higgs production and decays

• Triple gauge coupling measurements in diboson WW, WZ production

• Top quark production measurements
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Experimental probes of physics beyond the Standard Model have been taken 
to a new level by the LHC:

LHC data as a probe of new physics

e.g. ATLAS 1909.02845
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LHC data as a probe of new physics

• Top quark production measurements


Experimental probes of physics beyond the Standard Model have been taken 
to a new level by the LHC:
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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.
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Figure 21: Parton-level double-di�erential absolute cross-section (a) as a function of the CC̄ system rapidity in bins of
the CC̄ system mass, compared with the nominal P�����+P�����8 prediction without uncertainties. Data points are
placed at the centre of each bin. Di�erent markers are used to distinguish the three bins in <

C C̄ , while H
C C̄ is shown on

the horizontal axis. The ratio (b) of the measured cross-section to di�erent MC predictions. Uncertainties are shown
by the shaded bands.
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e.g. CMS measurement of top pair production in the l+jets channel 

binned in both                              2108.02803
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mtt̄ and |ytt̄|

e.g. ATLAS measurement of top pair production in the hadronic 
channel  binned in both                             2006.09274
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• ATLAS & LHCb measurements of          1701.07240, 2109.01113

• STXS measurements of Higgs production and decays

• Triple gauge coupling measurements in diboson WW, WZ production

• Top quark production measurements


These add to previous precision measurements, including:


• LEP Z-pole measurements, diboson WW production

• Tevatron top quark,          measurements 
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Experimental probes of physics beyond the Standard Model have been taken 
to a new level by the LHC:

LHC data as a probe of new physics

e.g. ATLAS 1909.02845
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The Standard Model Effective Field Theory

5

<latexit sha1_base64="Rac9wj/6/YMtNEa9AiDvVTTzCDQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5UAAsYKFsYi0YvURJHjOK1V24lsB6mKsrLwKiwMIMTKG7DxNjhtBmg5kq1P/3+O7POHKaNKO863tbS8srq2Xtuob25t7+zae/tdlWQSkw5OWCL7IVKEUUE6mmpG+qkkiIeM9MLxTen3HohUNBH3epISn6OhoDHFSBspsKEXS4TzCHqKDjkqDPEg9whjsLyKIrAbTtOZFlwEt4IGqKod2F9elOCME6ExQ0oNXCfVfo6kppiRou5liqQIj9GQDAwKxIny8+kmBTw2SgTjRJojNJyqvydyxJWa8NB0cqRHat4rxf+8QabjKz+nIs00EXj2UJwxqBNYxgIjKgnWbGIAYUnNXyEeIRONNuHVTQju/MqL0D1tuhfNs7vzRuu6iqMGDsEROAEuuAQtcAvaoAMweATP4BW8WU/Wi/Vufcxal6xq5gD8KevzB8bFmmY=</latexit>

d�

dm``

<latexit sha1_base64="1oiALj/Xt1K7j+5ilNevxOUxQ6I=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZV1GPQi8cI5gFJDLOTTjJkZneZ6ZWEZcGLv+LFgyJe/Qlv/o2Tx0ETC7opqrqZ6fIjKQy67rezsLi0vLKaWcuub2xubed2dismjDWHMg9lqGs+MyBFAGUUKKEWaWDKl1D1+9cjv/oA2ogwuMNhBE3FuoHoCM7QSq3cvmolDZCSjlp6nzQQBpgoNkjTVi7vFtwx6DzxpiRPpii1cl+NdshjBQFyyYype26EzYRpFFxCmm3EBiLG+6wLdUsDpsA0k/ENKT2ySpt2Qm0rQDpWf28kTBkzVL6dVAx7ZtYbif959Rg7l81EBFGMEPDJQ51YUgzpKBDaFho4yqEljGth/0p5j2nG0caWtSF4syfPk8pJwTsvnN6e5YtX0zgy5IAckmPikQtSJDekRMqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAnMpiC</latexit>

mmax
``

<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>

+...

• Assuming 


• A powerful theoretical framework for capturing the indirect 
effect of NP on LHC observables


this talk
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Global fits
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The SMEFT framework connects different sectors of 
observables measured at the LHC. 


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

7

Where do we see an interplay?  Is the overlap 
between data sectors visible in a global fit?


‣Top-Higgs interplay

The same data is used to constrain SMEFT 
and PDFs: what is the impact?

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

‣PDF-SMEFT interplay

Z. Kassabov, MM,  L. Mantani, J. Moore, M. Morales, 
J. Rojo,  M. Ubiali, work in progress
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The global approach
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Where do we see an interplay?  Is the overlap between sectors visible in a global fit?


‣Top-Higgs interplay

e.g. Higgs production via ggF is modified by top operators:
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SMEFT
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CtH
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•341 statistically independent measurements:


Higgs: 72

• Signal strength combinations (LHC Run I and Run II)

• STXS combination (LHC Run II)

• Measurements of

Top, Higgs, diboson and electroweak fit to the SMEFT
Fitmaker code, J. Ellis, K. Mimasu, MM, V. Sanz, T. You, 2012.02779

See also J. Ethier et. al, 2105.00006, SMEFiT  
 +  thanks to SMEFiT for sharing top quark predictions!



Maeve Madigan | Top, Higgs, Diboson and Electroweak Fit to the SMEFT TOP 202210

•341 statistically independent measurements:


Higgs: 72 EWPO: 14

• Signal strength combinations (LHC Run I and Run II)

• STXS combination (LHC Run II)

• Measurements of

• LEP, Tevatron, LHC measurements

Top, Higgs, diboson and electroweak fit to the SMEFT
See also J. Ethier et. al, 2105.00006, SMEFiT  

 +  thanks to SMEFiT for sharing top quark predictions!

Fitmaker code, J. Ellis, K. Mimasu, MM, V. Sanz, T. You, 2012.02779
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•341 statistically independent measurements:


Higgs: 72 EWPO: 14

• Signal strength combinations (LHC Run I and Run II)

• STXS combination (LHC Run II)

• Measurements of

• LHC and LEP measurements of

• LEP, Tevatron, LHC measurements

Top, Higgs, diboson and electroweak fit to the SMEFT

Diboson: 118

See also J. Ethier et. al, 2105.00006, SMEFiT  
 +  thanks to SMEFiT for sharing top quark predictions!

Fitmaker code, J. Ellis, K. Mimasu, MM, V. Sanz, T. You, 2012.02779
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•341 statistically independent measurements:


Higgs: 72 EWPO: 14

• Signal strength combinations (LHC Run I and Run II)

• STXS combination (LHC Run II)

• Measurements of

• LHC and LEP measurements of

• LEP, Tevatron, LHC measurements

• LHC measurements of
<latexit sha1_base64="OLJHaPUV1LYKIh/2ZyOC8hZUs34=">AAACInicbVDLSsNAFJ34tr6iLt0MFkFQSiLiYye6calgq9CEMpnc1sHJJM7ciCX0W9z4K25cKOpK8GOc1iraemDgcM693DknyqQw6Hnvzsjo2PjE5NR0aWZ2bn7BXVyqmTTXHKo8lam+iJgBKRRUUaCEi0wDSyIJ59HVUdc/vwFtRKrOsJ1BmLCWEk3BGVqp4e4jDSKmC+xs0uA6ZzH9EegGrX2LAcIt6qQwQrUkUEyzTsMtexWvBzpM/D4pkz5OGu5rEKc8T0Ahl8yYuu9lGBZMo+ASOqUgN5AxfsVaULdUsQRMWPQiduiaVWLaTLV9CmlP/b1RsMSYdhLZyYThpRn0uuJ/Xj3H5l5YCJXlCIp/HWrm0kak3b5oLDRwlG1LGNfC/pXyS6YZR9tqyZbgD0YeJrWtir9T8U63yweH/TqmyApZJevEJ7vkgByTE1IlnNyRB/JEnp1759F5cd6+Rkec/s4y+QPn4xNkVaOg</latexit>

tt̄, tt̄+ V, single top

Top, Higgs, diboson and electroweak fit to the SMEFT

Diboson: 118 Top: 137

See also J. Ethier et. al, 2105.00006, SMEFiT  
 +  thanks to SMEFiT for sharing top quark predictions!

Fitmaker code, J. Ellis, K. Mimasu, MM, V. Sanz, T. You, 2012.02779
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Top, Higgs, diboson and electroweak fit to the SMEFT

•Correlation information included from published covariance matrices

•Fit using a simple      methodology, working in the linear EFT approx.
<latexit sha1_base64="cj+EzASEqzKw9hM9hDeGaGAvBRc=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+YyCOBlcwODUyYnV1nZk3Ihp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHsl7M47RD+lA8j5n1Fip1WFD/pBWJt1iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZvRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEyfJz2ukBkxtoQyxe2thA2poszYiAo2BG/x5WXSqJS9i/LZ3Xmpep3FkYcjOIZT8OASqnALNagDAwHP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/8MqP6g==</latexit>

�2

See also J. Ethier et. al, 2105.00006, SMEFiT  
 +  thanks to SMEFiT for sharing top quark predictions!

•Top-specific flavour symmetry based on LHC top WG  1802.07237 
<latexit sha1_base64="64STi7dr+DJnKdBhmQkDgtRQw6k=">AAACNnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkFXVZdONGqGjaQhvCZDJph04uzkyEEvJUbnwOd924UMStj+C0zaKm/jDw851zOHN+N2ZUSMOYaCura+sbm6Wt8vbO7t6+fnDYFlHCMbFwxCLedZEgjIbEklQy0o05QYHLSMcd3UzrnWfCBY3CRzmOiR2gQUh9ipFUyNHvHqxq/cxJnzLYlzQgAuYgWQQNBbwiYEVAMkevGDVjJrhszNxUQK6Wo7/1vQgnAQklZkiInmnE0k4RlxQzkpX7iSAxwiM0ID1lQ6TW2ens7AyeKuJBP+LqhRLO6OJEigIhxoGrOgMkh6JYm8L/ar1E+ld2SsM4kSTE80V+wqCM4DRD6FFOsGRjZRDmVP0V4iHiCEuVdFmFYBZPXjbtes28qDXuzyvN6zyOEjgGJ6AKTHAJmuAWtIAFMHgBE/ABPrVX7V370r7nrStaPnME/kj7+QVcOqlV</latexit>

SU(2)q ⇥ SU(2)u ⇥ SU(3)d ⇥ SU(3)l ⇥ SU(3)e

<latexit sha1_base64="WsTJIMm8g/hq0gQSXvZgwht1tkI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq6rLopjsr2Ae0IUym03boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9kN8CKciZoSzPNaTeWFIcBp51gcp/7nSmVikXiSc9i6oV4JNiQEayN5Nt2P8R6TDBPHzI/bSSZb1edmjMHWiVuQapQoOnbX/1BRJKQCk04VqrnOrH2Uiw1I5xmlX6iaIzJBI9oz1CBQ6q8dJ48Q2dGGaBhJM0TGs3V3xspDpWahYGZzHOqZS8X//N6iR7eeikTcaKpIItDw4QjHaG8BjRgkhLNZ4ZgIpnJisgYS0y0KatiSnCXv7xK2hc197p2+XhVrd8VdZThBE7hHFy4gTo0oAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB/nfk+Q=</latexit>

OHu

<latexit sha1_base64="8dczV8a4C2P3wxrud3TMJ2Aiv+c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdVl0050V7APaECbTaTt0MgkzN4US8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QSy4Bsf5tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESqGxDNBJesBRwE68aKkTAQrBNM7nO/M2VK80g+wSxmXkhGkg85JWAk37b7IYExJSJ9yPy0AZlvV52aMwdeJW5BqqhA07e/+oOIJiGTQAXRuuc6MXgpUcCpYFmln2gWEzohI9YzVJKQaS+dJ8/wmVEGeBgp8yTgufp7IyWh1rMwMJN5Tr3s5eJ/Xi+B4a2XchknwCRdHBomAkOE8xrwgCtGQcwMIVRxkxXTMVGEgimrYkpwl7+8StoXNfe6dvl4Va3fFXWU0Qk6RefIRTeojhqoiVqIoil6Rq/ozUqtF+vd+liMlqxi5xj9gfX5A/hak+M=</latexit>

OHt

: symmetric in 1st, 2nd generation

singles out the top quark

= 34 dimension-6 operators e.g. 

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

Information on the covariance matrices & likelihood is important for EFT fits, Cranmer et. al, 2109.04981 

https://arxiv.org/search/?searchtype=author&query=Cranmer%2C+K
https://arxiv.org/abs/2109.04981
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• 34 dimension-6 SMEFT 
ops constrained at 
linear-order only


• top-specific flavour 
symmetry, following the 
LHC top WG 1802.07237  

• RED: the full fit
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• 34 dimension-6 SMEFT 
ops constrained at 
linear-order only


• top-specific flavour 
symmetry, following the 
LHC top WG 1802.07237  

• ORANGE: by removing 
the top data we see 
some shift in the 
constraints, particularly 
on


important for both ggF      
and 

<latexit sha1_base64="BjiNmJcig6uaY6OGYfrQwGetkVU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0h6AdUZTvvlilt15yCrxMtJBXI0+uWv3iBmqeIRMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aGlHFjZ/ND56SM6sMSBhrWxGSufp7IqPKmIkKbKeiODLL3kz8z+umGF77mYiSFHnEFovCVBKMyex7MhCaM5QTSyjTwt5K2IhqytBmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Q+czx/Pk5Bu</latexit>

tt̄
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• 34 dimension-6 SMEFT 
ops constrained at 
linear-order only


• top-specific flavour 
symmetry, following the 
LHC top WG 1802.07237  

• PINK: by removing the 
Higgs+diboson data we 
see some shift in the 
constraints, including on


important for both ggF      
and 

<latexit sha1_base64="BjiNmJcig6uaY6OGYfrQwGetkVU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0h6AdUZTvvlilt15yCrxMtJBXI0+uWv3iBmqeIRMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aGlHFjZ/ND56SM6sMSBhrWxGSufp7IqPKmIkKbKeiODLL3kz8z+umGF77mYiSFHnEFovCVBKMyex7MhCaM5QTSyjTwt5K2IhqytBmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Q+czx/Pk5Bu</latexit>

tt̄
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Top-Higgs interplay

17

We marginalise over

How do the constraints on

change as we include more top quark data? 

• ttH removes the degeneracy between                    .


• top quark data substantially reduces the area constrained 
at 95 % CL and suppresses some correlations.


• this is true even when marginalising over all 4-fermion 
operators involving top quarks.

<latexit sha1_base64="fQ98vAT5b4L87jZyA5iO23r7wY4=">AAACBnicbVDLSgMxFL3js9bXqEsRgkVwIWVGRV0Wu7DLCvYB7TBk0kwbmnmQZIQyzMqNv+LGhSJu/QZ3/o1pO4K2Hgj35Jx7Se7xYs6ksqwvY2FxaXlltbBWXN/Y3No2d3abMkoEoQ0S8Ui0PSwpZyFtKKY4bceC4sDjtOUNq2O/dU+FZFF4p0YxdQLcD5nPCFZacs2DqpvWbrITpKvK68+1lrlmySpbE6B5YuekBDnqrvnZ7UUkCWioCMdSdmwrVk6KhWKE06zYTSSNMRniPu1oGuKASiedrJGhI630kB8JfUKFJurviRQHUo4CT3cGWA3krDcW//M6ifKvnJSFcaJoSKYP+QlHKkLjTFCPCUoUH2mCiWD6r4gMsMBE6eSKOgR7duV50jwt2xfls9vzUuU6j6MA+3AIx2DDJVSgBnVoAIEHeIIXeDUejWfjzXifti4Y+cwe/IHx8Q3Ip5du</latexit>

CHG, CtG, CG, CtH

<latexit sha1_base64="+Gkq5ySJ7ZVIFUUBdW9TvxSRYBI="></latexit>

CH⇤, CHW , CHB , CbH , C⌧H , CµH(+ 4-fermion operators)

<latexit sha1_base64="heyv92ucIH+7HPgBnHDBjdWuchs=">AAAB9XicbVDJSgNBEK1xjXGLevTSGAQPEmZU1GMwB3OMYBZIxtDT6Uma9Cx01yhhmP/w4kERr/6LN//GznLQxAdFPd6roqufF0uh0ba/raXlldW19dxGfnNre2e3sLff0FGiGK+zSEaq5VHNpQh5HQVK3ooVp4EnedMbVsZ+85ErLaLwHkcxdwPaD4UvGEUjPVS6afU2OyWmYzXrFop2yZ6ALBJnRoowQ61b+Or0IpYEPEQmqdZtx47RTalCwSTP8p1E85iyIe3ztqEhDbh208nVGTk2So/4kTIVIpmovzdSGmg9CjwzGVAc6HlvLP7ntRP0r91UhHGCPGTTh/xEEozIOALSE4ozlCNDKFPC3ErYgCrK0ASVNyE4819eJI2zknNZOr+7KJZvZnHk4BCO4AQcuIIyVKEGdWCg4Ble4c16sl6sd+tjOrpkzXYO4A+szx91E5HZ</latexit>

CHG, CtH
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Principal 
component 
analysis
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• Constrained to


• Constrained almost entirely by
 data + small contributions 

from the Higgs sector


<latexit sha1_base64="BjiNmJcig6uaY6OGYfrQwGetkVU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0h6AdUZTvvlilt15yCrxMtJBXI0+uWv3iBmqeIRMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aGlHFjZ/ND56SM6sMSBhrWxGSufp7IqPKmIkKbKeiODLL3kz8z+umGF77mYiSFHnEFovCVBKMyex7MhCaM5QTSyjTwt5K2IhqytBmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Q+czx/Pk5Bu</latexit>

tt̄
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Oi Ci Definition Oi Ci Definition
4 quark (2 heavy 2 light)
O

1,1
Qq

P
i=1,2

⇣
[C(1)

qq ]ii33 + 1
6 [C(1)

qq ]i33i + 1
2 [C(3)

qq ]i33i

⌘
O

1,8
Qq

P
i=1,2

⇣
[C(1)

qq ]i33i + 3[C(3)
qq ]i33i

⌘

O
3,1
Qq

P
i=1,2

⇣
[C(3)

qq ]ii33 + 1
6 [C(1)

qq ]i33i
�

1
6 [C(3)

qq ]i33i

⌘
O

3,8
Qq

P
i=1,2

⇣
[C(1)

qq ]i33i
� [C(3)

qq ]i33i

⌘

O
1
tu

P
i=1,2

�
[Cuu]ii33 + 1

3 [Cuu]i33i

�
O

8
tu

P
i=1,2

2[Cuu]i33i

O
1
td

P
i=1,2(,3)

[C(1)
ud

]33ii
O

8
td

P
i=1,2(,3)

[C(8)
ud

]33ii

O
1
tq

P
i=1,2

[C(1)
qu ]ii33

O
8
tq

P
i=1,2

[C(8)
qu ]ii33

O
1
Qu

P
i=1,2

[C(1)
qu ]33ii

O
8
Qu

P
i=1,2

[C(8)
qu ]33ii

O
1
Qd

P
i=1,2(,3)

[C(1)
qd

]33ii
O

8
Qd

P
i=1,2(,3)

[C(8)
qd

]33ii

4 quark (4 heavy)
O

1
QQ

2[C(1)
qq ]3333 �

2
3 [C(3)

qq ]3333 O
8
QQ

8[C(3)
qq ]3333

O
1
Qt

[C(1)
qu ]3333 O

8
Qt

[C(8)
qu ]3333

Ott [C(1)
uu ]3333

2 heavy 2 lepton
O

�(1)
Ql

P
i=1,2,3

[C1
lq

]ii33
� [C3

lq
]ii33

O
(1)
tl

P
i=1,2,3

[Clu]ii33

O
3(1)
Ql

P
i=1,2,3

[C3
lq

]ii33
O

(1)
te

P
i=1,2,3

[Ceu]ii33

O
(1)
Qe

P
i=1,2,3

[CeQ]ii33

Table 2. Four-fermion operators containing at least one third-generation bilinear in the ‘dim6top’
basis [183] assuming an SU(2)2⇥SU(3)3 flavour symmetry. The relations of the corresponding
Wilson coefficients with those of the Warsaw basis are also shown. The shaded entries indicate
operators that are not included in our analysis because significant constraints cannot be obtained
from the chosen dataset at leading order and linear level in the EFT expansion, as discussed in the
text.

EWPO: OHWB , OHD , Oll , O
(3)
Hl

, O
(1)
Hl

, OHe , O
(3)
Hq

, O
(1)
Hq

, OHd , OHu ,

Bosonic: OH⇤ , OHG , OHW , OHB , OW , OG ,

Yukawa: O⌧H , OµH , ObH , OtH ,

Top 2F: O
(3)
HQ

, O
(1)
HQ

, OHt , OtG , OtW , OtB ,

Top 4F: O
3,1
Qq

, O
3,8
Qq

, O
1,8
Qq

, O
8
Qu , O

8
Qd

, O
8
tQ , O

8
tu , O

8
td

. (2.12)

These are grouped into top operators involving two (top 2F) and four (top 4F) heavy
fermions, respectively.

– 10 –

• Constrained to


• Constrained almost entirely by 
single top data
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• Constrained to


• Constrained almost entirely by 
W helicity fractions in      data
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4-fermion operators involving 
top quarks


• Constrained by       and 
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tt̄
<latexit sha1_base64="U2G1x5RKizgkPpxVcCnZOzTyJDE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSSj6QXUp3jlLT71Zpbd+cgq8QrSA0KNPvVr94gYVnMFTJJjfE9N8UgpxoFk3xa6WWGp5SN6ZD7lioacxPk85On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/zM4xuglyoNEOu2GJRlEmCCZn9TwZCc4ZyYgllWthbCRtRTRnalCo2BG/55VXSvqh7V/XLh8ta47aIowwncArn4ME1NOAemtACBgk8wyu8Oei8OO/Ox6K15BQzx/AHzucP06aQ+A==</latexit>

tt̄V

• 


➡ SMEFT validity in question 
here for C=1, but should be 
valid for the strong coupling 
regime 
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Complementarity of top pair production measurements

23

See also 1910.03606  
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Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q

2) plane.

10

Often the data used in PDF fits are also used in EFT fits.


This overlap will grow as we take the global approach to 
constraining the SMEFT.


PDF-EFT interplay

2


R. Ball et. al, 2109.02653
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Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q

2) plane.

10

Often the data used in PDF fits are also used in EFT fits.


This overlap will grow as we take the global approach to 
constraining the SMEFT.


PDF-EFT interplay

2


R. Ball et. al, 2109.02653

PDFs are an input to SMEFT fits:

But PDFs are found assuming the SM: 

‘Standard Model PDFs’

<latexit sha1_base64="hZ/JVkp52UQG7ryLZ8hGOAmILq0="></latexit>

�SMEFT(C) = f1 ⌦ f2 ⌦ �̂SMEFT(C)

Theoretical inconsistencies:
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Figure 5.7. Comparison of the magnitude of 95% CL intervals in the global (marginalised) and
individual fits at the linear (top) and quadratic (bottom) level, see also Table 5.4.

CL intervals found in the linear EFT anaysis are increased as follows when going from the
individual to the marginalised fits:

ctZ : [≠0.04, 0.10] (individual) vs [≠17, 5.6] (marginalised) ,

cÏB : [≠0.005, 0.002] (individual) vs [≠0.7, 0.3] (marginalised) .

This e�ect clearly emphasizes the importance of adopting a fitting basis as wide as possible,
in order to avoid obtaining artificially stringent bounds simply because one is being blind
to other relevant directions of the parameter space. One important exception of this rule
would be those cases where one is guided by specific UV-complete models, which motivate
the reduction in the parameter space to a subset of operators. We also note that the triple
gauge operator cW is one of the few coe�cients whose individual and marginalised bounds
are identical: this can be traced back to the fact that this operator is very weakly correlated
with other coe�cients (see also Fig. 5.6), being constrained exclusively by the diboson data.

58

26
Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (x, Q

2) plane.

10

Often the data used in PDF fits are also used in EFT fits.


This overlap will grow as we take the global approach to 
constraining the SMEFT.


‣ e.g. top quark data is excluded from the PDFs 
used in the global fit of J. Ethier et. al, 2105.00006, 
SMEFiT

PDF-EFT interplay

2


R. Ball et. al, 2109.02653
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PDF-EFT interplay HL-LHC projections:

Deep inelastic scattering, Carrazza et al.: PRL 
123 (2019) 13, 132001 

High mass Drell-Yan tails, Greljo et. al 
2104.02723


Neglecting the PDF-EFT interplay may lead to 
a significant overestimate of the EFT 
constraints. 

27
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PDF-EFT interplay HL-LHC projections:

Deep inelastic scattering, Carrazza et al.: PRL 
123 (2019) 13, 132001 

High mass Drell-Yan tails, Greljo et. al 
2104.02723


Neglecting the PDF-EFT interplay may lead to 
a significant overestimate of the EFT 
constraints. 
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Next steps: top quark data
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PDF-EFT interplay in the top sector
Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali

29
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PDF-EFT interplay in the top sector
Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali

30

SIMUnet methodology 

S. Iranipour,  M. Ubiali - arXiv: 2201.07240
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PDF-EFT interplay in the top sector
Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali
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SIMUnet methodology 

S. Iranipour,  M. Ubiali - arXiv: 2201.07240

Data: 209 datapoints including LHC Run II 
measurements of 


➡A superset of the measurements included in: 


• NNPDF 4.0 2 R. Ball et. al, 2109.02653

• SMEFiT J. Ethier et. al, 2105.00006

• Fitmaker J. Ellis et. al, 2012.02779
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PDF-EFT interplay in the top sector

Preliminary: 

• Individual fit to the operator


• LO in QCD 

• Linear in dimension-6 operators


 (final fit will go to NLO in QCD and include          
quadratic contributions from dimension-6 SMEFT) 

• Constraint:


Distribution for CtG coefficient

Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali

32

comparable with the constraints of  2105.00006, 2012.02779 
<latexit sha1_base64="ufYc2fCXtOrUDuWqBqBF/SEiQME=">AAACBHicbVA9SwNBEN3zM8avU0ubxSDYGO5CUMtgCi0V8iEkZ9jbTJIlex/szonhuMLGv2JjoYitP8LOf+MmptDEBwOP92aYmefHUmh0nC9rYXFpeWU1t5Zf39jc2rZ3dhs6ShSHOo9kpG58pkGKEOooUMJNrIAFvoSmP6yO/eYdKC2isIajGLyA9UPRE5yhkTr2frWT4kVG2wj3qIKUtmrQyG7T41LmdeyCU3QmoPPEnZICmeKqY3+2uxFPAgiRS6Z1y3Vi9FKmUHAJWb6daIgZH7I+tAwNWQDaSydPZPTQKF3ai5SpEOlE/T2RskDrUeCbzoDhQM96Y/E/r5Vg78xLRRgnCCH/WdRLJMWIjhOhXaGAoxwZwrgS5lbKB0wxjia3vAnBnX15njRKRfekWL4uFyrn0zhyZJ8ckCPiklNSIZfkitQJJw/kibyQV+vRerberPef1gVrOrNH/sD6+AYo2JfL</latexit>

CtG [TeV�2]
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PDF-EFT interplay in the top sector

Preliminary: 

• Individual fit to the operator


• LO in QCD 

• Linear in dimension-6 operators


 (final fit will go to NLO in QCD and include          
quadratic contributions from dimension-6 SMEFT) 

• Impact on PDFs:


Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali
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PDF-EFT interplay in the top sector
Work in progress by Zahari Kassabov, MM,  Luca Mantani, James 
Moore, Manuel Morales, Juan Rojo,  Maria Ubiali
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In a global interpretation of electroweak precision observables, Higgs, diboson, and top data in the 
dimension-6 SMEFT we see:


• Small but visible interplay between the Higgs and top sector 


• Top quark data constraining some SMEFT operators operators to


By neglecting PDF-SMEFT interplay we have the potential to significantly overestimate SMEFT constraints.


• A dedicated simultaneous PDF-EFT fit in the top sector will quantify this - to appear soon


• Preliminary fits already indicate an impact on the gluon PDF

Conclusions

35
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In a global interpretation of electroweak precision observables, Higgs, diboson, and top data in the 
dimension-6 SMEFT we see:


• Small but visible interplay between the Higgs and top sector 


• Top quark data constraining some SMEFT operators operators to


By neglecting PDF-SMEFT interplay we have the potential to significantly overestimate SMEFT constraints.


• A dedicated simultaneous PDF-EFT fit in the top sector will quantify this - to appear soon


• Preliminary fits already indicate an impact on the gluon PDF

Conclusions

Thank you for listening!
36
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Correlation matrix (%)

37

• Substantial correlations between EWPO, 
bosonic and Yukawa observables


• Substantial correlations within the top 
sector


Interplay between top and Higgs, diboson, 
EW:


• 22 correlation coefficients with magnitude        
> 22% between these sectors
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Quadratic contributions from dimension-6 SMEFT

The top sector is sensitive to the inclusion of   contributions from dimension-6 operators.

J. Ethier et. al, 2105.00006, SMEFiT
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SMEFT at NLO in QCD in the top sector

J. Ethier et. al, 2105.00006, SMEFiT

39

Constraints in the top sector show improvement when SMEFT calculations are performed at 
NLO vs LO in QCD:
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