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System of two operators Qi & Qj
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Figure 2: The preferred regions at 68% and 95% CL from our combined fit to EWPO and rare

decays are shown as the dark-gray and light-gray ellipses, respectively. The colored bands show

the 68% CL constraints from the individual observables. The star denotes the SM value.

and Br(Bs ! µ+µ�). In addition, we show the region compatible with the measurements
in Table 1 at 68% and 95% CL.

We find that the branching ratio of Bs ! µ+µ� and the T parameter currently lead to
the most stringent constraints. In particular, the combination of the two leads to a strong
bound on both Wilson coe�cients C(1)

�q,33 log(µW /⇤) v2/⇤2 and C�u,33 log(µW /⇤) v2/⇤2, of
the order of a few percent. We note that t-channel single-top production leads to the bound
�0.032 < v2C(1)

�q,33/⇤
2 < 0.044 (cf. Eq. (3.3)). This is weaker than the indirect bounds and

leaves C�u,33 completely unconstrained.
In the future, we expect improvements in the measurement of Br(Bs ! µ+µ�), with

a final uncertainty of ⇠ 5% [55]. In addition, various experiments plan to measure the
branching ratios of the rare K decays with high precision. The NA62 experiment at CERN
aims at a final precision of ⇠10% for the charged mode, which could be improved to ⇠3%
by an experiment at Fermilab [56]. The KOTO experiment aims at a similar precision for
the neutral mode. On the other hand, the bounds from EWPO are mainly obtained from
fits to LEP data and we do not expect any significant improvement within the next few
years. In the right panel of Fig. 2 we show our future projections. As an illustration we
assume a branching ratio measurement of all three rare decay modes with the SM central
values and a precision of 5%. We keep the current constraints from the EWPO, but note
that these bounds could be improved at future e+e� colliders [57].

The indirect constraints on the anomalous tt̄Z couplings are much stronger than the
constraints from direct searches, i.e. from tt̄ + Z production, even after a high-luminosity
upgrade of the LHC. For instance, the authors of Ref. [3] give the bounds �0.04 <

11
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[Brod et al., 1408.0792]

The indirect constraints on the anomalous ttZ 
couplings are much stronger than the constraints 
from direct searches, i.e., from tt+Z production, 
even after a high-luminosity upgrade of the LHC
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[discussion follows Buras & Jung, 1804.05852; see also talk by Stefanek earlier today]
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The 2-loop LL effects can be derived from 
the known 1-loop anomalous dimensions. 
The 2-loop anomalous dimensions solely 
generate next-to-leading logarithms (NLLs)

[discussion follows Buras & Jung, 1804.05852; see also talk by Stefanek earlier today]
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512⇡4

v2

⇤2
CG(⇤) ln

2

✓
⇤

mh

◆

' �27gsy2t
8⇡

v2

⇤2
CG(⇤) ln

2

✓
⇤

mh

◆
' �0.09CG(2TeV)
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[UH, unpublished]

<latexit sha1_base64="0tnq+6BMM+tK4LIJqWdyl9Ntc64="></latexit>

�g ' 12⇡2

↵s

�HG,tG�tG,G

512⇡4

v2

⇤2
CG(⇤) ln

2

✓
⇤

mh

◆

' �27gsy2t
8⇡

v2

⇤2
CG(⇤) ln

2

✓
⇤

mh

◆
' �0.09CG(2TeV)

A 10% measurement of the signal strength 
in gluon-gluon-fusion Higgs production 
enables setting an indirect bound on the 
triple gluon operator, which is as good or 
better than direct limits obtained from      
di-jet or top-pair production
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<latexit sha1_base64="ozHSWz70PM0JXpaK8VGvTROD5Cg="></latexit>

�
HD,

(1)
qq
(µ) =

3y4
t

2⇡2
, �

HD,
(3)
qq
(µ) =

9y4
t

2⇡2
, �

HD,
(1)
tt
(µ) =

3y4
t

⇡2

<latexit sha1_base64="ZHOYkIezMRtLgR5rWgqq0icvpjE=">AAACHnicbZDLSsNAFIYn9VbrrerSzWAR6qYkotWNULCLrqQFe4GmDZPpJB06k4SZiVBCn8SNr+LGhSKCK30bp20WtfWHgZ/vnMOZ87sRo1KZ5o+RWVvf2NzKbud2dvf2D/KHRy0ZxgKTJg5ZKDoukoTRgDQVVYx0IkEQdxlpu6O7ab39SISkYfCgxhHpceQH1KMYKY2c/FXDSWrVCbyFxVrfHiDfJwJWHZvHsHbet5FUi7w/59DJF8ySORNcNVZqCiBV3cl/2YMQx5wECjMkZdcyI9VLkFAUMzLJ2bEkEcIj5JOutgHiRPaS2XkTeKbJAHqh0C9QcEYXJxLEpRxzV3dypIZyuTaF/9W6sfJuegkNoliRAM8XeTGDKoTTrOCACoIVG2uDsKD6rxAPkUBY6URzOgRr+eRV07ooWeVSuXFZqNyncWTBCTgFRWCBa1ABNVAHTYDBE3gBb+DdeDZejQ/jc96aMdKZY/BHxvcv8Iaf8g==</latexit>

QHD = (H†
DµH)⇤(H†

D
µ
H)

<latexit sha1_base64="RGewWNZWNcGHdMe/JOKMXM4wK7k=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kmq2A9oQ9lsN+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpG11O/9ci1ESp+wHHC/YgOYhEKRtFKne69GAyRaq2eeqWyW3FnIMvEy0kZctR7pa9uX7E04jEySY3peG6CfkY1Cib5pNhNDU8oG9EB71ga04gbP5udPCGnVumTUGlbMZKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPRJykyGM2XxSmkqAi0/9JX2jOUI4toUwLeythQ6opQ5tS0YbgLb68TJrnFa9aqd5dlGu3eRwFOIYTOAMPLqEGN1CHBjBQ8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwCYSZGE</latexit>)
t

t t

t

t

Qtt
(1)

H

H

H

H

t t

t

[based on UH & Schnell, 2410.13304; unpublished; see also talk by Stefanek earlier today]



How big are 2-loop NLL effects? 

17

<latexit sha1_base64="IpcyyOz7EmMYcztxSOUBIMaLD9s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsLXQhLLZTtulm03YnUhL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8Sp5tDksYx1O2QGpFDQRIES2okGFoUSHsPRzcx/fAJtRKwecJJAELGBEn3BGVrJ9xHGmMGYcZx2yxW36s5BV4mXkwrJ0eiWv/xezNMIFHLJjOl4boJBxjQKLmFa8lMDCeMjNoCOpYpFYIJsfvOUnlmlR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6Kfavg0yoJEVQfLGon0qKMZ0FQHtCA0c5sYRxLeytlA+ZtgnYmEo2BG/55VXSuqh6tWrt/rJSv83jKJITckrOiUeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaC04+cwx+QPn8wfBC5It</latexit>

exact
<latexit sha1_base64="KLBSkX4TIOGCazaLZ0+ljzVCqNI=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkRqS4LunBZwT6gLSWT3rahSWZI7ohlqBt/xY0LRdz6F+78G9PHQlsPXDicc29y7wljKSz6/re3tLyyurae2chubm3v7Ob29qs2SgyHCo9kZOohsyCFhgoKlFCPDTAVSqiFg6uxX7sHY0Wk73AYQ0uxnhZdwRk6qZ07bCI8YGrAJkpBhzLN5BAFH7Vzeb/gT0AXSTAjeTJDuZ37anYinijQyCWzthH4MbZSZtxrEkbZZmIhZnzAetBwVDMFtpVOLhjRE6d0aDcyrjTSifp7ImXK2qEKXadi2Lfz3lj8z2sk2L1spULHCYLm04+6iaQY0XEctCMMcJRDRxg3wu1KeZ8ZxtGFlnUhBPMnL5LqWSEoFoq35/nS9SyODDkix+SUBOSClMgNKZMK4eSRPJNX8uY9eS/eu/cxbV3yZjMH5A+8zx+DtZeY</latexit>

resummed analytic
<latexit sha1_base64="CGG9u7V8XIYZuAe3vdYAvyvOdVU=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0G9OAhSATzgGQJs5NOMmT2wUyvGJb4K148KOLVD/Hm3zhJ9qDRgoaiqpvuLj+WQqPjfFm5ldW19Y38ZmFre2d3z94/aOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vpz5rXtQWkThHU5i8AI2DMVAcIZG6tnFLsIDpje1GmWcJ4ohTHt2ySk7c9C/xM1IiWSo9+zPbj/iSQAhcsm07rhOjF7KFAouYVroJhpixsdsCB1DQxaA9tL58VN6bJQ+HUTKVIh0rv6cSFmg9STwTWfAcKSXvZn4n9dJcHDhpSKME4SQLxYNEkkxorMkaF8o4CgnhjCuhLmV8hFTjKPJq2BCcJdf/kuap2W3Uq7cnpWqV1kceXJIjsgJcck5qZJrUicNwsmEPJEX8mo9Ws/Wm/W+aM1Z2UyR/IL18Q3AjZTd</latexit>

NLL accurate
<latexit sha1_base64="GBROdY8Nqp5UZwPHFlLroXoBjWo=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7ArEj0G9OAhhwjmAckSZiedZMjsg5leSVjyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyG5tb2zv53cLe/sHhkX1cbOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vp37rSdQWkThI05j8AI2DMVAcIZG6tnFLsIE01qNMs4TxRBmPbvklJ0F6DpxM1IiGeo9+6vbj3gSQIhcMq07rhOjlzKFgkuYFbqJhpjxMRtCx9CQBaC9dHH7jJ4bpU8HkTIVIl2ovydSFmg9DXzTGTAc6VVvLv7ndRIc3HipCOMEIeTLRYNEUozoPAjaFwo4yqkhjCthbqV8xBTjaOIqmBDc1ZfXSfOy7FbKlYerUvUuiyNPTskZuSAuuSZVck/qpEE4mZBn8krerJn1Yr1bH8vWnJXNnJA/sD5/AB7slIU=</latexit>

LL accurate

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="IpcyyOz7EmMYcztxSOUBIMaLD9s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsLXQhLLZTtulm03YnUhL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8Sp5tDksYx1O2QGpFDQRIES2okGFoUSHsPRzcx/fAJtRKwecJJAELGBEn3BGVrJ9xHGmMGYcZx2yxW36s5BV4mXkwrJ0eiWv/xezNMIFHLJjOl4boJBxjQKLmFa8lMDCeMjNoCOpYpFYIJsfvOUnlmlR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6Kfavg0yoJEVQfLGon0qKMZ0FQHtCA0c5sYRxLeytlA+ZtgnYmEo2BG/55VXSuqh6tWrt/rJSv83jKJITckrOiUeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaC04+cwx+QPn8wfBC5It</latexit>

exact
<latexit sha1_base64="KLBSkX4TIOGCazaLZ0+ljzVCqNI=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkRqS4LunBZwT6gLSWT3rahSWZI7ohlqBt/xY0LRdz6F+78G9PHQlsPXDicc29y7wljKSz6/re3tLyyurae2chubm3v7Ob29qs2SgyHCo9kZOohsyCFhgoKlFCPDTAVSqiFg6uxX7sHY0Wk73AYQ0uxnhZdwRk6qZ07bCI8YGrAJkpBhzLN5BAFH7Vzeb/gT0AXSTAjeTJDuZ37anYinijQyCWzthH4MbZSZtxrEkbZZmIhZnzAetBwVDMFtpVOLhjRE6d0aDcyrjTSifp7ImXK2qEKXadi2Lfz3lj8z2sk2L1spULHCYLm04+6iaQY0XEctCMMcJRDRxg3wu1KeZ8ZxtGFlnUhBPMnL5LqWSEoFoq35/nS9SyODDkix+SUBOSClMgNKZMK4eSRPJNX8uY9eS/eu/cxbV3yZjMH5A+8zx+DtZeY</latexit>

resummed analytic
<latexit sha1_base64="CGG9u7V8XIYZuAe3vdYAvyvOdVU=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0G9OAhSATzgGQJs5NOMmT2wUyvGJb4K148KOLVD/Hm3zhJ9qDRgoaiqpvuLj+WQqPjfFm5ldW19Y38ZmFre2d3z94/aOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vpz5rXtQWkThHU5i8AI2DMVAcIZG6tnFLsIDpje1GmWcJ4ohTHt2ySk7c9C/xM1IiWSo9+zPbj/iSQAhcsm07rhOjF7KFAouYVroJhpixsdsCB1DQxaA9tL58VN6bJQ+HUTKVIh0rv6cSFmg9STwTWfAcKSXvZn4n9dJcHDhpSKME4SQLxYNEkkxorMkaF8o4CgnhjCuhLmV8hFTjKPJq2BCcJdf/kuap2W3Uq7cnpWqV1kceXJIjsgJcck5qZJrUicNwsmEPJEX8mo9Ws/Wm/W+aM1Z2UyR/IL18Q3AjZTd</latexit>

NLL accurate
<latexit sha1_base64="GBROdY8Nqp5UZwPHFlLroXoBjWo=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7ArEj0G9OAhhwjmAckSZiedZMjsg5leSVjyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyG5tb2zv53cLe/sHhkX1cbOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vp37rSdQWkThI05j8AI2DMVAcIZG6tnFLsIE01qNMs4TxRBmPbvklJ0F6DpxM1IiGeo9+6vbj3gSQIhcMq07rhOjlzKFgkuYFbqJhpjxMRtCx9CQBaC9dHH7jJ4bpU8HkTIVIl2ovydSFmg9DXzTGTAc6VVvLv7ndRIc3HipCOMEIeTLRYNEUozoPAjaFwo4yqkhjCthbqV8xBTjaOIqmBDc1ZfXSfOy7FbKlYerUvUuiyNPTskZuSAuuSZVck/qpEE4mZBn8krerJn1Yr1bH8vWnJXNnJA/sD5/AB7slIU=</latexit>

LL accurate
<latexit sha1_base64="njoBHQJkf8ct9HmB0+QYmsgoKi4=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCF8OuSPQY0IPHCOYBSQizk04yZHZnmemVhCX+ihcPinj1Q7z5N04eB00saCiquunuCmIpDHret5NZW9/Y3Mpu53Z29/YP3MOjmlGJ5lDlSirdCJgBKSKookAJjVgDCwMJ9WB4M/Xrj6CNUNEDjmNoh6wfiZ7gDK3UcfMthBGmMGIcqX8ulYonHbfgFb0Z6CrxF6RAFqh03K9WV/EkhAi5ZMY0fS/Gdso0Ci5hkmslBmLGh6wPTUsjFoJpp7PjJ/TUKl3aU9pWhHSm/p5IWWjMOAxsZ8hwYJa9qfif10ywd91ORRQnCBGfL+olkqKi0yRoV2jgKMeWMK6FvZXyAdM2CJtXzobgL7+8SmoXRb9ULN1fFsq3iziy5JickDPikytSJnekQqqEkzF5Jq/kzXlyXpx352PemnEWM3nyB87nD8FwlNw=</latexit>

exact 1-loop

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="IpcyyOz7EmMYcztxSOUBIMaLD9s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsLXQhLLZTtulm03YnUhL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8Sp5tDksYx1O2QGpFDQRIES2okGFoUSHsPRzcx/fAJtRKwecJJAELGBEn3BGVrJ9xHGmMGYcZx2yxW36s5BV4mXkwrJ0eiWv/xezNMIFHLJjOl4boJBxjQKLmFa8lMDCeMjNoCOpYpFYIJsfvOUnlmlR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6Kfavg0yoJEVQfLGon0qKMZ0FQHtCA0c5sYRxLeytlA+ZtgnYmEo2BG/55VXSuqh6tWrt/rJSv83jKJITckrOiUeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaC04+cwx+QPn8wfBC5It</latexit>

exact
<latexit sha1_base64="KLBSkX4TIOGCazaLZ0+ljzVCqNI=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkRqS4LunBZwT6gLSWT3rahSWZI7ohlqBt/xY0LRdz6F+78G9PHQlsPXDicc29y7wljKSz6/re3tLyyurae2chubm3v7Ob29qs2SgyHCo9kZOohsyCFhgoKlFCPDTAVSqiFg6uxX7sHY0Wk73AYQ0uxnhZdwRk6qZ07bCI8YGrAJkpBhzLN5BAFH7Vzeb/gT0AXSTAjeTJDuZ37anYinijQyCWzthH4MbZSZtxrEkbZZmIhZnzAetBwVDMFtpVOLhjRE6d0aDcyrjTSifp7ImXK2qEKXadi2Lfz3lj8z2sk2L1spULHCYLm04+6iaQY0XEctCMMcJRDRxg3wu1KeZ8ZxtGFlnUhBPMnL5LqWSEoFoq35/nS9SyODDkix+SUBOSClMgNKZMK4eSRPJNX8uY9eS/eu/cxbV3yZjMH5A+8zx+DtZeY</latexit>

resummed analytic
<latexit sha1_base64="CGG9u7V8XIYZuAe3vdYAvyvOdVU=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0G9OAhSATzgGQJs5NOMmT2wUyvGJb4K148KOLVD/Hm3zhJ9qDRgoaiqpvuLj+WQqPjfFm5ldW19Y38ZmFre2d3z94/aOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vpz5rXtQWkThHU5i8AI2DMVAcIZG6tnFLsIDpje1GmWcJ4ohTHt2ySk7c9C/xM1IiWSo9+zPbj/iSQAhcsm07rhOjF7KFAouYVroJhpixsdsCB1DQxaA9tL58VN6bJQ+HUTKVIh0rv6cSFmg9STwTWfAcKSXvZn4n9dJcHDhpSKME4SQLxYNEkkxorMkaF8o4CgnhjCuhLmV8hFTjKPJq2BCcJdf/kuap2W3Uq7cnpWqV1kceXJIjsgJcck5qZJrUicNwsmEPJEX8mo9Ws/Wm/W+aM1Z2UyR/IL18Q3AjZTd</latexit>

NLL accurate
<latexit sha1_base64="GBROdY8Nqp5UZwPHFlLroXoBjWo=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7ArEj0G9OAhhwjmAckSZiedZMjsg5leSVjyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyG5tb2zv53cLe/sHhkX1cbOooURwaPJKRavtMgxQhNFCghHasgAW+hJY/vp37rSdQWkThI05j8AI2DMVAcIZG6tnFLsIE01qNMs4TxRBmPbvklJ0F6DpxM1IiGeo9+6vbj3gSQIhcMq07rhOjlzKFgkuYFbqJhpjxMRtCx9CQBaC9dHH7jJ4bpU8HkTIVIl2ovydSFmg9DXzTGTAc6VVvLv7ndRIc3HipCOMEIeTLRYNEUozoPAjaFwo4yqkhjCthbqV8xBTjaOIqmBDc1ZfXSfOy7FbKlYerUvUuiyNPTskZuSAuuSZVck/qpEE4mZBn8krerJn1Yr1bH8vWnJXNnJA/sD5/AB7slIU=</latexit>

LL accurate
<latexit sha1_base64="njoBHQJkf8ct9HmB0+QYmsgoKi4=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCF8OuSPQY0IPHCOYBSQizk04yZHZnmemVhCX+ihcPinj1Q7z5N04eB00saCiquunuCmIpDHret5NZW9/Y3Mpu53Z29/YP3MOjmlGJ5lDlSirdCJgBKSKookAJjVgDCwMJ9WB4M/Xrj6CNUNEDjmNoh6wfiZ7gDK3UcfMthBGmMGIcqX8ulYonHbfgFb0Z6CrxF6RAFqh03K9WV/EkhAi5ZMY0fS/Gdso0Ci5hkmslBmLGh6wPTUsjFoJpp7PjJ/TUKl3aU9pWhHSm/p5IWWjMOAxsZ8hwYJa9qfif10ywd91ORRQnCBGfL+olkqKi0yRoV2jgKMeWMK6FvZXyAdM2CJtXzobgL7+8SmoXRb9ULN1fFsq3iziy5JickDPikytSJnekQqqEkzF5Jq/kzXlyXpx352PemnEWM3nyB87nD8FwlNw=</latexit>

exact 1-loop

The 2-loop LL effects typically capture dominant 2-loop 
corrections. However, in cases where LL and NLL terms 
tend to cancel, 2-loop NLL effects and corrections 
associated with resummation of g and g′ contributions 
need to be included to get accurate results

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="Lk3rETdRUhQXZRkxcWKOIU8M5ic="></latexit>

�
HWB,

(3)
qq
(µ) = �gg0y2

t

2⇡2

<latexit sha1_base64="K7Yo4zmUFY33mSaazKuEK9LxMgw="></latexit>

QHWB = (H†
�
i
H)W i

µ⌫
B

µ⌫<latexit sha1_base64="RGewWNZWNcGHdMe/JOKMXM4wK7k=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kmq2A9oQ9lsN+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpG11O/9ci1ESp+wHHC/YgOYhEKRtFKne69GAyRaq2eeqWyW3FnIMvEy0kZctR7pa9uX7E04jEySY3peG6CfkY1Cib5pNhNDU8oG9EB71ga04gbP5udPCGnVumTUGlbMZKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPRJykyGM2XxSmkqAi0/9JX2jOUI4toUwLeythQ6opQ5tS0YbgLb68TJrnFa9aqd5dlGu3eRwFOIYTOAMPLqEGN1CHBjBQ8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwCYSZGE</latexit>)
q

q q

q

q

Qqq
(3)

HH
t

q

WB

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="IpcyyOz7EmMYcztxSOUBIMaLD9s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsLXQhLLZTtulm03YnUhL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8Sp5tDksYx1O2QGpFDQRIES2okGFoUSHsPRzcx/fAJtRKwecJJAELGBEn3BGVrJ9xHGmMGYcZx2yxW36s5BV4mXkwrJ0eiWv/xezNMIFHLJjOl4boJBxjQKLmFa8lMDCeMjNoCOpYpFYIJsfvOUnlmlR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6Kfavg0yoJEVQfLGon0qKMZ0FQHtCA0c5sYRxLeytlA+ZtgnYmEo2BG/55VXSuqh6tWrt/rJSv83jKJITckrOiUeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaC04+cwx+QPn8wfBC5It</latexit>

exact
<latexit sha1_base64="KLBSkX4TIOGCazaLZ0+ljzVCqNI=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkRqS4LunBZwT6gLSWT3rahSWZI7ohlqBt/xY0LRdz6F+78G9PHQlsPXDicc29y7wljKSz6/re3tLyyurae2chubm3v7Ob29qs2SgyHCo9kZOohsyCFhgoKlFCPDTAVSqiFg6uxX7sHY0Wk73AYQ0uxnhZdwRk6qZ07bCI8YGrAJkpBhzLN5BAFH7Vzeb/gT0AXSTAjeTJDuZ37anYinijQyCWzthH4MbZSZtxrEkbZZmIhZnzAetBwVDMFtpVOLhjRE6d0aDcyrjTSifp7ImXK2qEKXadi2Lfz3lj8z2sk2L1spULHCYLm04+6iaQY0XEctCMMcJRDRxg3wu1KeZ8ZxtGFlnUhBPMnL5LqWSEoFoq35/nS9SyODDkix+SUBOSClMgNKZMK4eSRPJNX8uY9eS/eu/cxbV3yZjMH5A+8zx+DtZeY</latexit>

resummed analytic
<latexit sha1_base64="uaEoa1CV62D6gCNcICrqBwcO2j0=">AAACCXicbZC9SgNBFIVn/Y3xL2ppMxgEG8OuSLQMaGEZwcRAEsLdyU0yODu7zNwVw5LWxlexsVDE1jew822cxBRqPDDwcc69DPeEiZKWfP/Tm5tfWFxazq3kV9fWNzYLW9t1G6dGYE3EKjaNECwqqbFGkhQ2EoMQhQqvw5uzcX59i8bKWF/RMMF2BH0te1IAOatT4C3CO8qs1H2Fhyrug5E0iDgIkRogHHUKRb/kT8RnIZhCkU1V7RQ+Wt1YpBFqEgqsbQZ+Qu0MDEmhcJRvpRYTEDfQx6ZDDRHadja5ZMT3ndPlvdi4p4lP3J8bGUTWDqPQTUZAA/s3G5v/Zc2UeqftTOokJdTi+6NeqjjFfFwL70qDgtTQAQhXgRRcDMCAIFde3pUQ/D15FupHpaBcKl8eFyvn0zpybJftsQMWsBNWYResympMsHv2yJ7Zi/fgPXmv3tv36Jw33dlhv+S9fwGbyJrv</latexit>

single-logarithm accurate

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="IpcyyOz7EmMYcztxSOUBIMaLD9s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsLXQhLLZTtulm03YnUhL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8Sp5tDksYx1O2QGpFDQRIES2okGFoUSHsPRzcx/fAJtRKwecJJAELGBEn3BGVrJ9xHGmMGYcZx2yxW36s5BV4mXkwrJ0eiWv/xezNMIFHLJjOl4boJBxjQKLmFa8lMDCeMjNoCOpYpFYIJsfvOUnlmlR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6Kfavg0yoJEVQfLGon0qKMZ0FQHtCA0c5sYRxLeytlA+ZtgnYmEo2BG/55VXSuqh6tWrt/rJSv83jKJITckrOiUeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaC04+cwx+QPn8wfBC5It</latexit>

exact
<latexit sha1_base64="KLBSkX4TIOGCazaLZ0+ljzVCqNI=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkRqS4LunBZwT6gLSWT3rahSWZI7ohlqBt/xY0LRdz6F+78G9PHQlsPXDicc29y7wljKSz6/re3tLyyurae2chubm3v7Ob29qs2SgyHCo9kZOohsyCFhgoKlFCPDTAVSqiFg6uxX7sHY0Wk73AYQ0uxnhZdwRk6qZ07bCI8YGrAJkpBhzLN5BAFH7Vzeb/gT0AXSTAjeTJDuZ37anYinijQyCWzthH4MbZSZtxrEkbZZmIhZnzAetBwVDMFtpVOLhjRE6d0aDcyrjTSifp7ImXK2qEKXadi2Lfz3lj8z2sk2L1spULHCYLm04+6iaQY0XEctCMMcJRDRxg3wu1KeZ8ZxtGFlnUhBPMnL5LqWSEoFoq35/nS9SyODDkix+SUBOSClMgNKZMK4eSRPJNX8uY9eS/eu/cxbV3yZjMH5A+8zx+DtZeY</latexit>

resummed analytic
<latexit sha1_base64="uaEoa1CV62D6gCNcICrqBwcO2j0=">AAACCXicbZC9SgNBFIVn/Y3xL2ppMxgEG8OuSLQMaGEZwcRAEsLdyU0yODu7zNwVw5LWxlexsVDE1jew822cxBRqPDDwcc69DPeEiZKWfP/Tm5tfWFxazq3kV9fWNzYLW9t1G6dGYE3EKjaNECwqqbFGkhQ2EoMQhQqvw5uzcX59i8bKWF/RMMF2BH0te1IAOatT4C3CO8qs1H2Fhyrug5E0iDgIkRogHHUKRb/kT8RnIZhCkU1V7RQ+Wt1YpBFqEgqsbQZ+Qu0MDEmhcJRvpRYTEDfQx6ZDDRHadja5ZMT3ndPlvdi4p4lP3J8bGUTWDqPQTUZAA/s3G5v/Zc2UeqftTOokJdTi+6NeqjjFfFwL70qDgtTQAQhXgRRcDMCAIFde3pUQ/D15FupHpaBcKl8eFyvn0zpybJftsQMWsBNWYResympMsHv2yJ7Zi/fgPXmv3tv36Jw33dlhv+S9fwGbyJrv</latexit>

single-logarithm accurate

To obtain precise results in the studied case, one must 
numerically integrate the coupled RGEs, including the 
2-loop anomalous dimensions, rather than relying on 
analytic solutions. Tools such as the DsixTools or 
Wilson packages are well-suited for this purpose 

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="YiNe1pqE15cIo0a55t37HZxz4DE="></latexit>

T ' � 3y4t
8⇡4↵

v2

⇤2
C(1)

tt (⇤)


ln2

✓
⇤

MZ

◆
� 1

4
ln

✓
⇤

MZ

◆�

<latexit sha1_base64="FXKfd0IRVNvOG6JRXVQMSNRriRM=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAILrTMVK0uC25cSYW+YDqUTJq2oZnMkGSEOhR/xY0LRdz6H+78G9PHQlsP3MvhnHvJzQlizpR2nG8rs7S8srqWXc9tbG5t79i7e3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIObsd94oFKxSFT1MKZ+iHuCdRnB2kht+6CKWkwg78wpFM9PkemXPmrbeafgTIAWiTsjeZih0ra/Wp2IJCEVmnCslOc6sfZTLDUjnI5yrUTRGJMB7lHPUIFDqvx0cv0IHRulg7qRNCU0mqi/N1IcKjUMAzMZYt1X895Y/M/zEt299lMm4kRTQaYPdROOdITGUaAOk5RoPjQEE8nMrYj0scREm8ByJgR3/suLpF4suKVC6f4iX76bxZGFQziCE3DhCspwCxWoAYFHeIZXeLOerBfr3fqYjmas2c4+/IH1+QOhc5Iq</latexit>

T 2 [�0.23, 0.25] <latexit sha1_base64="RGewWNZWNcGHdMe/JOKMXM4wK7k=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kmq2A9oQ9lsN+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpG11O/9ci1ESp+wHHC/YgOYhEKRtFKne69GAyRaq2eeqWyW3FnIMvEy0kZctR7pa9uX7E04jEySY3peG6CfkY1Cib5pNhNDU8oG9EB71ga04gbP5udPCGnVumTUGlbMZKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPRJykyGM2XxSmkqAi0/9JX2jOUI4toUwLeythQ6opQ5tS0YbgLb68TJrnFa9aqd5dlGu3eRwFOIYTOAMPLqEGN1CHBjBQ8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwCYSZGE</latexit>)

<latexit sha1_base64="feBO0rASceKNTsDJ5cSwF42eN/0="></latexit>

C(1)
tt

⇤2
2 [�2.04, 1.87]

TeV2

[based on UH & Schnell, 2410.13304; unpublished; see also talk by Stefanek earlier today]
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<latexit sha1_base64="yGwBuFrR8MU7CqCmJMSMSgws4Ws="></latexit>

S ' y2t
2⇡3

v2

⇤2
C(3)

qq (⇤) ln

✓
⇤

MZ

◆

<latexit sha1_base64="p1UhW9zm3ajvgg1zMOYg5D8vxfg="></latexit>

C(3)
qq

⇤2
2 [�63.2, 95.5]

TeV2
<latexit sha1_base64="RGewWNZWNcGHdMe/JOKMXM4wK7k=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kmq2A9oQ9lsN+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpG11O/9ci1ESp+wHHC/YgOYhEKRtFKne69GAyRaq2eeqWyW3FnIMvEy0kZctR7pa9uX7E04jEySY3peG6CfkY1Cib5pNhNDU8oG9EB71ga04gbP5udPCGnVumTUGlbMZKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPRJykyGM2XxSmkqAi0/9JX2jOUI4toUwLeythQ6opQ5tS0YbgLb68TJrnFa9aqd5dlGu3eRwFOIYTOAMPLqEGN1CHBjBQ8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwCYSZGE</latexit>)

<latexit sha1_base64="GrKoKabXH5QvaTmgwjxPCMw3nVg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEF1qSUqrLghtXUtE+IA1lMp20QyeTMDMRaij+ihsXirj1P9z5N04fC60euHA4517uvSdIOFPacb6s3NLyyupafr2wsbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQwvJ37rnkrFYnGnRwn1I9wXLGQEayN17YNb1GECeWdOqVw5RU7JrfqoaxedkjMF+kvcOSnCHPWu/dnpxSSNqNCEY6U810m0n2GpGeF0XOikiiaYDHGfeoYKHFHlZ9Prx+jYKD0UxtKU0Giq/pzIcKTUKApMZ4T1QC16E/E/z0t1eOFnTCSppoLMFoUpRzpGkyhQj0lKNB8Zgolk5lZEBlhiok1gBROCu/jyX9Ism8RK1ZtKsXY9jyMPh3AEJ+DCOdTgCurQAAIP8AQv8Go9Ws/Wm/U+a81Z85l9+AXr4xuhZ5Iq</latexit>

S 2 [�0.24, 0.16]

[based on UH & Schnell, 2410.13304; unpublished]
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<latexit sha1_base64="yGwBuFrR8MU7CqCmJMSMSgws4Ws="></latexit>

S ' y2t
2⇡3

v2

⇤2
C(3)

qq (⇤) ln

✓
⇤

MZ

◆

<latexit sha1_base64="p1UhW9zm3ajvgg1zMOYg5D8vxfg="></latexit>

C(3)
qq

⇤2
2 [�63.2, 95.5]

TeV2
<latexit sha1_base64="RGewWNZWNcGHdMe/JOKMXM4wK7k=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kmq2A9oQ9lsN+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpG11O/9ci1ESp+wHHC/YgOYhEKRtFKne69GAyRaq2eeqWyW3FnIMvEy0kZctR7pa9uX7E04jEySY3peG6CfkY1Cib5pNhNDU8oG9EB71ga04gbP5udPCGnVumTUGlbMZKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPRJykyGM2XxSmkqAi0/9JX2jOUI4toUwLeythQ6opQ5tS0YbgLb68TJrnFa9aqd5dlGu3eRwFOIYTOAMPLqEGN1CHBjBQ8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwCYSZGE</latexit>)

<latexit sha1_base64="GrKoKabXH5QvaTmgwjxPCMw3nVg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEF1qSUqrLghtXUtE+IA1lMp20QyeTMDMRaij+ihsXirj1P9z5N04fC60euHA4517uvSdIOFPacb6s3NLyyupafr2wsbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQwvJ37rnkrFYnGnRwn1I9wXLGQEayN17YNb1GECeWdOqVw5RU7JrfqoaxedkjMF+kvcOSnCHPWu/dnpxSSNqNCEY6U810m0n2GpGeF0XOikiiaYDHGfeoYKHFHlZ9Prx+jYKD0UxtKU0Giq/pzIcKTUKApMZ4T1QC16E/E/z0t1eOFnTCSppoLMFoUpRzpGkyhQj0lKNB8Zgolk5lZEBlhiok1gBROCu/jyX9Ism8RK1ZtKsXY9jyMPh3AEJ+DCOdTgCurQAAIP8AQv8Go9Ws/Wm/U+a81Z85l9+AXr4xuhZ5Iq</latexit>

S 2 [�0.24, 0.16]

Indirect 2-loop constraints on Wilson coefficients from 
EW precision measurements can match or even surpass 
the sensitivity of direct tree-level probes (such as 4-top 
production in the examples shown) only if the indirect 
probe receives a LL correction at the 2-loop level

[based on UH & Schnell, 2410.13304; unpublished]



Conclusions

• 1-loop RGEs powerful tool to identify 2-loop LL effects. Can be used to 

compute unknown 2-loop contributions to e.g. gg→h & h→γγ 

• If present, 2-loop LL effects often capture dominant 2-loop terms. When 

numerical resummation of logarithms important use DsixTools or Wilson  

• If indirect probe receives 2-loop LLs, constraints from EWPOs can 

match or even surpass sensitivity of tree-level probes
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