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EFT Approach to Flavour Observables
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® |ow background and high precision — ideal to search for new physics

® Heavy BSM (and SM) particles can be integrated out
e FEffects of heavy particles are captured in effective couplings — Wilson coefficients

® [lat directions in parameter space

® Combined fit of observables

—> Correlations

and breaking of flat directions
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Events

Collider observables in the SMEFT

® Energy enhancement

—— SMEFT ~s/A?
—— SM ~1/s

= Very sensitive to NP, especially in high-p; tails

100
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—— SMEFT ~s/A?
—— SM ~1/s

® Energy enhancement

= Very sensitive to NP, especially in high-p; tails
® High background, (typically) lower precision

® Many measurements not unfolded
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Collider observables in the SMEFT

—— SMEFT ~s/A?
—— SM ~1/s

Events

100
my, [GeV]

® [nitial state dependent on PDFs

(see e.g. talk by Thomas Cridge)

® Parton-parton luminosities

X

1
Lo, =7 | Llfu o) r/ane) + Iy @) o (rfoip)] oo

o= Z d?T quqj(T) o(rs)

ij

® Suppresses heavy flavour initial states
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® Energy enhancement

= Very sensitive to NP, especially in high-p; tails
® High background, (typically) lower precision

® Many measurements not unfolded
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SMEFT approach to new physics

® No direct measurement of NP at the LHC — NP very weakly coupled or very heavy
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® No direct measurement of NP at the LHC — NP very weakly coupled or very heavy

® Scale separation — Indirect measurements using effective field theories

— largely model independent framework

® SMEFT is constructed from all SM fields with the full SM symmetry
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ng) : Local operators, IR-sensitive (SM-fields and symmetries)

(effective couplings)
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SMEFT approach to new physics

® No direct measurement of NP at the LHC — NP very weakly coupled or very heavy

® Scale separation — Indirect measurements using effective field theories

— largely model independent framework

® SMEFT is constructed from all SM fields with the full SM symmetry

= (@)
Loverr = Loy + dZ; Z /16“40"
= i

ng) : Local operators, IR-sensitive (SM-fields and symmetries)
(effective couplings)

® Dimension-6 operators: Warsaw basis, 59 operators —> Wilson coefficients
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Flavour patterns in the SMEFT

® One four-fermion operator = up to 81 Wilson coefficients due to flavour indices

(1 B Cee Ceu, CeT Cll Cl2 CVl?)
0, =l ﬂul]) (G ) = C g ~ | Cue Cup Cur |® | Cor Coy Cog
o o O © Oy Oy Oy

TE TR TT
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® Flavour assumptions are a powerful tool to reduce the number of free parameters

® Arcne > 1 TeV = assume suppression of FCNC processes
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Flavour patterns in the SMEFT

One four-fermion operator = up to 81 Wilson coefficients due to flavour indices

(1 B Cee Ceu, CeT Cll Cl2 CV13
0, =l ﬂul]) (G ) = C g ~ | Cue Cup Cur |® | Cor Coy Cog
”u ikl C C C Cy Cyy Cag

TE TR TT

Flavour assumptions are a powerful tool to reduce the number of free parameters

Agcne > 1TV = assume suppression of FCNC processes

Minimal Flavour Violation (MFV) — U(3)®> symmetry breaking only by Yukawas

The SM Yukawa matrices are treated as spurions

(3,3,1,1,1) Y;: (3,1,3,1,1) Y, :

e

Y. s

u

(1,1,1,3,3)

= Symmetry is formally restored Ly, = LY, epp — Y dpp —qY, upp +h.c. v
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Minimal Flavour Violation in SMEFT

® Expand the quark bilinears
Qry o~ ol + 4V, Yo + a3V Y0 4 Ggug i~ bl 4 b,Y Y, + . dpdp i~ el + e,V Vg 4
Grup o~ (e + Y, Y + Csde; +..)Y, Grdp i~ (A1 + dpY, Y, + d3YdY; + .0

u

See also e.g. Bruggisser et al. [JHEP 02 (2023) 225] or Greljo et al. [JHEP 05 (2023) 087] for MFV in SMEFT
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Minimal Flavour Violation in SMEFT

® Expand the quark bilinears
Qry o~ ol + 4V, Yo + a3V Y0 4 Ggug i~ bl 4 b,Y Y, + . dpdp i~ el + e,V Vg 4

Grup o~ (e + Y, Y + Csde; +..)Y, Grdp i~ (A1 + dpY, Y, + d3YdY; + .0

u

® Assumptions:
® Y, ~diag(0,0,y,) ® Y, ~ 0 — Lepton-flavour universality
® Y, ~ 0 — No up-type FCNCs, no chirality flipping down-type operators

See also e.g. Bruggisser et al. [JHEP 02 (2023) 225] or Greljo et al. [JHEP 05 (2023) 087] for MFV in SMEFT
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Minimal Flavour Violation in SMEFT

Expand the quark bilinears

Qry o~ ol + 4V, Yo + a3V Y0 4 Ggug i~ bl 4 b,Y Y, + . dpdp i~ el + e,V Vg 4

Grup o~ (e + Y, Y + Csde; +..)Y, Grdp i~ (A1 + dpY, Y, + d3YdYJ + .0

u

Assumptions:
® Y, ~diag(0,0,y,) ® Y, ~ 0 — Lepton-flavour universality
® Y, ~ 0 — No up-type FCNCs, no chirality flipping down-type operators

Rotating to the mass basis yields:

0 0 _|fay T ay |V;sd‘221‘lz2 0] ‘/;i‘/“ 15 5 as Vi Vi iUtQ
Cqrar, O |ug 0 ug, +dy, as ViVia y; ay +ay Vil v; as ViV dy,
0 D 0 VaViayi (VY ¥ a1+ [Vl 97
tt

Drell-Yan b— s

Imposes correlations among flavour entries and allows for down-type FCNCs

See also e.g. Bruggisser et al. [JHEP 02 (2023) 225] or Greljo et al. [JHEP 05 (2023) 087] for MFV in SMEFT
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Probing flavour with global MFV SMEFT Fits
ay T Qg thz rQ Qg Vttivzﬂ? as ViV, 12
Cargr > {“L (&) UL+dL( an ‘/f*s|‘/fd ygy ay + ay “/tsé yf2 (a2 ViiVis zf] )dL:|
it

5} V;Zth Yy ay V:;Vz,s yf] ay + ag |V;£b‘2 %2

Drell-Yan b— s

® \\e can use the global fit to test the flavour expansion
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Probing flavour with global MFV SMEFT Fits
ay +ay [Vial® y7 ) ‘/;1‘/&5'? ay ViViy v
Carar 2 {“L (&) UL+dL( (Z ‘/f*s|‘/fd yf;y ay + ay \Vulg yf2 (a2 ViV zf] )dL:|
it

5} V;Zth Yy ay V:;Vz,s yf] ay + ag |V;£b‘2 %2

Drell-Yan b— s

® \\e can use the global fit to test the flavour expansion

® Parameterization (all higher-order insertions of Y, YJ give rise to the same structure)

O = ﬁal Yo = nyn g/ 0

n>1

® v, probes the ratio of the MFV coefficients — constrained by combining at least two
sectors

W@~ G didy ~ C(L+ralVul)  wd) ~ GV
trty ~ C;(1+7,) brsp ~ Civa Vi Vi trdy ~C; (14 Ya)Vij
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Probing flavour with global MFV SMEFT Fits
ay +ay [Vyyl? fQ ) V;;Vas.tz ay VigVie 12
Cdqrq, O |:UL ( a-l Jﬁ; " 'UL+dL( (Z ‘/f*s|v;d yf;y a; +ay \leg y; (e ViV Zf] )dL:|
it

ay ViVia v (0 ViVie ) @y +ay [Vl 42

Drell-Yan b— s

® \\e can use the global fit to test the flavour expansion

® Parameterization (all higher-order insertions of Y, YJ give rise to the same structure)

O = ﬁal Yo = nyn g/ 0

n>1

® v, probes the ratio of the MFV coefficients — constrained by combining at least two
sectors

i Vig

(wa~ G (ad~GasnamaP)] (@ ~6v,)
[tLEL R 67(1 + A/a)] [ brsp ~ Nﬂa V{;th} [ ELdi ~ é; (1+ ’YA)th]
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Flat directions and global Fits

¢ Individual observables always leave unconstrained (flat) directions in parameter space

1

S+ _ Al 33 =
Cwq - Csoq + Cwq qg Ccpq

See also e.g. Greljo et al. [JHEP 11 (2020) 080] or Hiller et al.

SM@LHC 2024 - Lara Nollen
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[JHEP 06 (2021) 010] or Allwicher et al. [JHEP 03 (2024) 049] for global SMEFT Fits
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Flat directions and global Fits

¢ Individual observables always leave unconstrained (flat) directions in parameter space
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See also e.g. Greljo et al. [JHEP 11 (2020) 080] or Hiller et al. [JHEP 06 (2021) 010] or Allwicher et al. [JHEP 03 (2024) 049] for global SMEFT Fits
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Flat directions and global Fits

¢ Individual observables always leave unconstrained (flat) directions in parameter space

g rr
S+ _ Al 33 S—
Cwq - Csoq + Cwq g Ccpq =
~ ~ ~ Z
+ _ Al 3 Z
Clq - Clq + Clq b ~
g Coq
t s .
-0.04 -0.02 Oﬂ? 0.02 0.04
I+ e
u I~ d I~
b - >o< ><
S+ T 5 + 7 5(3) 7
Clq S " Ol : v Clq v

e Different observables probe different linear combinations

— Combination breaks flat directions and thus strongly improves the fit

See also e.g. Greljo et al. [JHEP 11 (2020) 080] or Hiller et al. [JHEP 06 (2021) 010] or Allwicher et al. [JHEP 03 (2024) 049] for global SMEFT Fits
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Running and Matching

Energy scale
A
A+ Lyy full BSM theory

SM particles and symmetries

Hw T

Hp + SM particles except t,h,W,Z with SU(3).xU(1)n, EWET

SM@LHC 2024 - Lara Nollen




Running and Matching

® Match a potential UV theory
onto the SMEFT at the
Match matching scale A (see e.g. talk by

Energy scale
A

A T E’UV _— ‘C'SMEFT Javier Fuentes-Martin)

Hw T
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Running and Matching

® Match a potential UV theory

Energy scale onto the SMEFT at the

A Match matching scale A (see e.g. talk by
A T E’UV _— ‘C'SMEFT Javier Fuentes-Martin)

RGE ® Apply the SMEFT RGE to
evolve the Wilson coefficients
to lower energy scales

YT LoverT
® Compute collider observables
RGE at the electroweak scale
Pw Lsmerr
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Running and Matching

® Match a potential UV theory

Energy scale onto the SMEFT at the

A

Match matching scale A (see e.g. talk by
A - E’UV _— ‘C'SMEFT Javier Fuentes-Martin)

RGE ® Apply the SMEFT RGE to
evolve the Wilson coefficients
to lower energy scales

v T Lsyert
® Compute collider observables
RGE at the electroweak scale
1 r Match r ® Match the SMEFT onto the
-+ _—
W SIIEST wiET WET at the scale py,
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Running and Matching

Energy scale

A
Match
AT Ly ——
v -+
Hw T
Mo +
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RGE

RGE

‘CSMEFT

£SMEFT

Match
[’SMEFT 2 EWET

RGE l

EWET

® Match a potential UV theory

onto the SMEFT at the
matching scale A (see e.g. talk by

Javier Fuentes-Martin)

Apply the SMEFT RGE to
evolve the Wilson coefficients
to lower energy scales

Compute collider observables
at the electroweak scale

Match the SMEFT onto the
WET at the scale pyy,

Use the WET RGE to compute
the Wilson coefficients at the
scale py;, of flavour-observables
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Synergies between flavour and high-pT observables
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— Global fit -
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Grunwald, Hiller, Kréninger, LN, [JHEP 11 (2023) 110]
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Probing the MFV parameters

right-handed up-type quarks

11



Probing the MFV parameters

a
2 2n
Yp = E yt2n Z right-handed up-type quarks Vo = ytn —— left-handed doublets

n>1 bl n>1 @y

® The ratio 7, peaks at -1.2 and 1.9 — favors large corrections in the MFV expansion

SM@LHC 2024 - Lara Nollen 11



Caveats and future prospects

® |deally inclusion of all relevant operators

Cu
Flavour

Lepton ¢,,
scattering

Ce

[

Bartocci, Biekétter, Hurth, [arXiv:2311.04963]
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— even larger parameter space

1
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5 | ‘ | | w/o Flavour
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B-10
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3 -10)
=
8
3 s T T

Bartocci, Biekdtter, Hurth, [arXiv:2311.04963]
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Caveats and future prospects

® |deally inclusion of all relevant operators — even larger parameter space

® PDFs can mask new physics effects — ideally a joint fit of PDFs and Wilson coefficients

(IT 0
I d -
(v
=
<
\,_2_
I5;
e L e L B L e e e e T L e o e e e B B e
N = O 8RYRETATY B BA5 T 88 ErEtn T oo 8ndutetus e 5 £ 2 £ 88 2 Q3 22 XQ
853 3TRELeLS 53058 S-S0 T T TSR T T a0 S S5 S 23382 88
g Y uu by B [SAle) [SEESIR =N sYuv Y5
9= o =) r—h—"‘"‘f"‘.;‘,;r—'-—'""'!-',;‘,_“—'gg"fg o ovwv
— — — S : o —
=} S8 S 5580088355 o S g

95% CL SMEFT-PDFs
95% CL Fixed-PDF EFT analysis

Costantini, Hammou, Kassabov, Madigan, Mantani, Morales Alvarado, Moore, Ubiali [arXiv:2402.03308]
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Caveats and future prospects

® |deally inclusion of all relevant operators — even larger parameter space
® PDFs can mask new physics effects — ideally a joint fit of PDFs and Wilson coefficients

® SMEFT oftentimes not accounted for in background and detector efficiencies

>
- _ i
8 10°f ATLAS (5= 13 Tev, 139 10" E 8 ATLAS fs = 13 TeV, 139 o'
@ . ’ 3 ° ThadThag D-VEI0 Date
2 g0 TipThag D-Vet0 o Data E g ad nea ATH (400), tanpe6 \£|Miltauel
§ - = 13 mﬁﬁnm =Jze/1;-:zarke = z2 e ATH (1000100, tanpe12
S ooefl s B S
10 1
10° E
10 E
1
107"
10
107l = ] :
. 3 !
§ T s 12f 9
RS P g ,
g . p R o P 7 7
s B ) %
) /W// O o8 ' 3 |
Ros0 ‘60 500300 400 1000 1500 150 200 300 400 500 1000 1500
m? (GeV] me [GeV]

ATLAS Collaboration, [Phys.Rev.Lett. 125 (2020) 5, 051801]
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Caveats and future prospects

® |deally inclusion of all relevant operators — even larger parameter space

® PDFs can mask new physics effects — ideally a joint fit of PDFs and Wilson coefficients

® SMEFT oftentimes not accounted for in background and detector efficiencies

® Dimension-8 operators formally of same order as dimension-6 squared terms

50468420

1511213
1666920
209527

10° 36971
44874 13112
2499

6632

1000 525

No. of independent ops with A B=0

Mass dimension

Henning, Lu, Melia, Murayama, [JHEP 08 (2017) 016], Figure by llaria Brivio

SM@LHC 2024 - Lara Nollen

-V BSM
M=M +FZCiMi
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o=oM4 % Z C;oim
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https://arxiv.org/abs/1512.03433

Conclusions

® EFTs allow to largely model-independently connect flavour and collider observables
® Global fits break flat directions and exploit synergies between different observables
® Flavour assumptions are a powerful tool to reduce the number of free parameters

® Potential to test the flavour structure of possible BSM physics

SM@LHC 2024 - Lara Nollen
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Impact of Z, top and the B-anomalies

2.0
0.4 I Global fit I Global fit
[ ] W!thout Z [ B at SM value
[ without top 15 I Only Drell-Yan
0.3
— —
= 3
~— 0.2 S 1o
& SY
0.1 0.5
S
0'qu =5 0 5 10 0'910 -5 0 5 10
Ve Ya

® Only a small impact of the top quark sector and Z pole measurements on -,

® ) — s sector directly proportional to higher order MFV correction

—> DB-anomalies seem to be the origin of the shape of v,

SM@LHC 2024 - Lara Nollen 14



Parton-Parton Luminosities
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O Black edge: new in NNPDF4.0

Kinematic coverage NNPDF4.0

Kinematic coverage

Fixed-target DIS
Collider DIS
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Collider gauge boson production+jet
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Figure 2.1. The kinematic coverage of the NNPDF4.0 dataset in the (z, Q%) plane.

NNPDF Collaboration, [Eur.Phys.J.C 82 (2022) 5, 428]

SM@LHC 2024 - Lara Nollen
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The EFT cross section

_ My L Bsm @ o [M[? 1
M—M +EZ Mz —)U:USM_'_EZ

1250 | — Cus
— G
0 o
= 1000 |- Cuw
= ATLAS
=
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>
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T 500F
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-1.0 0.5 0.0 0.5 1.0

[aEur.Phys.J.C 80 (2020) 2, 136]
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model definition

parton level Monte Carlo

hadronisation and parton
shower

detector simulation

MC Computation l

; 1
int BSM
Gi +FZ Gij

i<j

‘ SMEF TSIM [arxiv:2012.11343] ‘

‘ MADGRAPHS [arxiv:1405.0301] ‘

‘ PYTHIAS8 [arxiv:1410.3012] ‘

‘ DELPHES3 [arxiv:1307.6346] ‘



https://arxiv.org/abs/1909.13632v2
https://arxiv.org/abs/2012.11343v3
https://arxiv.org/abs/1405.0301
https://arxiv.org/abs/1410.3012
https://arxiv.org/abs/1307.6346

SMEFT Operators in Warsaw basis
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Weak Effective Theory

Effective Lagrangian for b — sll

; 4G .
Lhser = V v, Zc
= % my(5,0"bp)F = 5 my (5,0 T b )G
Q7 - 167T27nb(SLO- R) 1% QS - 167_‘_2?71/b(SL0— R) n%
(32 2
Q‘J - 167 2<9L7ubL)(€’\/ E) Ql() 167 g(gL’V;LbL)(gfy ’yo€>
2
Qr = (SL’YubL)(V’Y (1—="5)v)

1672
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Weak Effective Theory for Meson mixing

Effective Lagrangian for B B,

e, = Sy P> ern

mix

V.LL = (527ubr) (5.9"by)
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Tree-level Matching

Acgree = E Ya [él-'— + 6{ e + (_1 + 451112 6“’) C’NJF(]
o lq q ®q

=, (430511 (C, +C}) —45.858C},)

tree _ T S+ 5 5
ACK" = . Ya [_Clq +Cp + C:OrQ]
=1, -430.511 (C},+ C,. — C}})

vq

ACE* = —, [C + G4l

=, -430.511 (Cy, + C.)

vq

SM@LHC 2024 - Lara Nollen
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One-Loop Matching
Cp=—2351C, 5 +0.093C, 1+, - (70.095 G, +1.278 éf,?) + (147, (*0.388 égjj)
Cy = —0.664C, ¢ +0.271 Cpyr + 7, - <0.284 G, +0.667 6@)) +(1+7,)- <70.194 65;})

Co =2.506C,, 5 +2.137C,y + (1+7,) (0.213C,,,, +2.003 (-Cy, — C.,,))
+(1+7,) - (—0213C,) + 437465, +2.003 (G, + C))) 3163 () )

Cyo = —T7.515Cpyr + (1 +7,) - (2.003 (=C,,, — Co, + C1))
+(1+7,) - (2003 (G + G = C)) —17.884.CF) + 3.163C)) )

Cp =12:889 Cop + (1+7,) - (2003 (Cp) + C1))) — 22.830C,) — 16275}, )
+ (1 + 'Yb) -2.003 (76<pu - 6lu)

Cmix = —22.023Cyy + 7, (14~317 Cigg +11.395 552) '
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MFV Spurion Expansion

MFV Spurion expansion of quark bilinears:

qrqr ~ a1+ G‘QYquj + ‘131/211/2r +..

Ugup :~ b1+ szJYu + ... qrug i~ (1 + czYuYJ + cSYdY; +..)Y,

u

dpdp =~ el + €Y Yy + ... Trdp =~ (A1 + doY, Yo + dy YY1 + )Y,

After the rotation to the mass basis: ,
qrug:  Upup; = (¢ + cay; Y0305
_ 7 21 7% —
apar ¢ dpdp; = a10y + agy; ViV dpgup; = (c1 + cay7)y Viids;
~ 2 grdp @ =0
Upty; = @10, + QY5 05,03, %R

Uplp:  Upgip; — b0, + byy205;04.
_ 2 RYR Ri“R, 1%4j 29t Y3iV3j
Upidy; = a1 Vi + agy; 03,V o

JRdR : (ZRide — €105
drup; = aV; + agy; Vi3

SM@LHC 2024 - Lara Nollen 23



Impact of B(BY* — K**up)

0.5
éug I Without v
: — 04 =
Cus FBM 20
~ N BM + 30
Cuw T /;d 0.3
A1)
Coq 0.2
~(3) |
Coq 0.1 \
Com 00 N
fop —_— . == =10 5 10
~ r—
Cu ——————————
éId — Without vv 0.4 I Without v
2 = Sl = o o
Ceu — BM +20 03 W BM — 20
= = 0 [ BM — 3
Ced BM - 20 /_\d b
éqe —_— g/ 0.2
(1) J [——n )
Cia 0.1
(3) |
Ci B N
-0.005 -0.0025 0 0.0025 0.005 0.0 = 5 10
G
24
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The impact of the B(B™ — K "vv) measurement

0.4

Eupd [ Global fit 2304.12837
uB —_— 1 | ————— Bl With BB~ - K wi)
Cus ] = (o ————
Cuw —_— e —]
éfplql 1 ==L o) ——
&g — e

¢ B = ~ p————
Cou ! Cou Tr—
Cog 1 =t = P —

od —_ Cou r——

Cu —— 2 —

lu —— Cly —

Cia —_— Clf T—

~ 4 . ~

Ceu —— [— Global fit 2304.12837 Cou “[r—— = Global fit 2304.12837

A ] — With B(8 *~K*v0) 2 — i Ko

oy —_— it i) Co m— With 5(8 * -K*v0)

5 | PP | SRR

Coe — Eep

A f— (1) _—
Gl = Y —

A(3) | H F(3) _jm—
G " (o8 —

-0.01 -0.005 0 0.005 0.01 10 1073 1072 107t 10°
@ Total width of 90% intervals

® Recent measurement by Belle Il: B(B* — Kvi) = (2.4 4+ 0.7) - 107° [eps e, 2023]
e SM prediCtiOn: B(B+ — K+I/D>SM = (434 =+ 023) 0 10_6 (resonant T contribution ~ 5-10~7 not included)
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https://indico.desy.de/event/34916/contributions/146877/

Predictions of dineutrino branching ratios

® Posterior probability distributions can be used to predict the branching ratios within MFV

90% interval
N 68% interval
—— Current limit
—— SM prediction
~ ~ Belle Il sensitivity with 5 ab !
~ Belle Il sensitivity with 50 ab !

90% interval
I 68% interval
—— SM prediction L
—— Measurement Belle Il
~— Belle Il sensitivity with 5 ab

~ Belle Il sensitivity with 50 ab

— K ww))

*0

p(B(B" = K ww))

p(B(B

2.107° 3.107° 0.0 0.5-107° 107° *01.5-10’5 2.107°
BB - K w) BB > K wv)

® Only left handed currents are generated in MFV — Dineutrino branching ratios are

correlated
B(BT — K*ww)

B(B = K*0up)

SM@LHC 2024 - Lara Nollen 26
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B — K Form Factors

® BSZ parameterization
~ Our fit results
0.6 4 LCSR+ previous HPQCD (1811.00983)
1 =1 HPQCD + MILC (2301.06990)
2 i 2 n @  LCSR (1811.00983)
fi(q ) = P 2 Z a’ZI’L [Z(q )7 Z(O)} @ HPQCD (2207.12468)
3(g?) n=0 031
® Pole factors Hoe
%
2\ _ 2 2 i
Pi(Q)_l_q/MBi m*0.3-
® Conformal mapping os
— g2 — _
_ Vi —@— Vi e

z(q%)

¢* [GeV?]

Vi — @+t 1

with ¢, = (Mg + My.)? and t, = (Mg, + My )(v/ Mg — /My.)? = |2/ <0.15

SM@LHC 2024 - Lara Nollen
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B — K Form Factor Fit results

0.375 4

0.350

0.325

0.300

0.275 4

0.250

0.225

0.200

= Our fit results
LCSR+ previous HPQCD (1811.00983)
~— HPQCD + MILC (2301.06990)
@ LCSR (1811.00983)
@ HPQCD (2207.12468)

0.6 1

0.5 4

044

Pr(¢®) fr(a?)

0.3 4

024

=15 =10 =5 0 5 10 15
¢* [GeV?]

Grunwald, Hiller, Kréninger, LN, [JHEP 11 (2023) 110]
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~— Our fit results

LCSR+ previous HPQCD (1811.00983)
HPQCD + MILC (2301.06990)

LCSR (1811.00983)

HPQCD (2207.12468)

¢
(]

20

-15 -10 =5 0 5 10 15 20
¢* [GeV?]

28


https://arxiv.org/abs/2304.12837

MFV Drell-Yan Fits

(”jg)lq)- p— -0.02 0 0.02
oSk " =
Cou ==
Copud e e —
Clu | e | :
Cia [ — H
éeu —— :
— cC
é PO S — ' — CC+NC
ed [ ——— 1 — NC
qu L | :
¢ 4 — '
Iq | 1
~(3) | H 1
Co 1| —2 i
—— 0 02 04 06 08
-0.002 0 0002~
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A1)
CWJ

~(3)
Ccvq

{———
———

——

————

———

I ——— = CC

| — mmm CC + NC
—— . NC
{——

——

——

——

[—

m—

04 1073 1072 107t 10°

total width of 90% intervals
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Flavour-Specific NC Drell-Yan Fits

pp-ete
C(—) 4 —_—
(+)
Coq —_—
Cou T
Cod
Cu — &
= - 1 — U
Cla T ——= ) —_ ic
- — dd
Ceu |H—1 D!l —_ i
~ - 1 5
Cod Tl ———— | & bb
Coell =5 |4
é(—) ] H L
- 1
C(+) __ —— H
0.02 0 0.02 0 03 10
. ] o
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pp—=utu”
Cod |
&) F———
Cou ———————
Cou T
Cu L i
R =
Ceu N B I I
Coa 1| = |4 i
Coel| B |
€' = !
o =~ iy
0020 002 o 0> 1o
Ci

pp->THT™

I

&

C(+) d

- 1

WIS - - S |
— 1 — U
I— L -
et —
—_ [] — dd
S | o
— ) —— bb

===

= 1

W i

— ]

= £

— £

0.02 0 0.02 0 03 10
\ ] &
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Flavour-Specific CC Drell-Yan Fits

pp-ev pp = v pp-Tv
— ad ab —CS — ad ab —CS — ad ab —CS
s —_— cd — Cb = s —_— cd = Cb = s —Cd = Cb
b—"l D—ul
~(3) 4 ~(3) 4 ~(3) 4
C¢’q Cq)q — Cll’q
i i i
&) | &) | &3) |
Cla ! Cla ! Cla !
10 05 0 05 1.0 1.0 05 0 05 1.0 1.0 05 0 05 1.0
@ G Ci
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Top Fits

=== This work

~ A H
Cus T —_— | — Before 2021
~ H 1
CuG T S— H
~ | 1
Cuw T 1 1
N 002 0 0.02
(1) 4
Coq
“‘(3) i ==
Ctpq =
Cou
-1.0 -0.5 0 0.5 1.0
Ci
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- This work

EEm Before 2021

1073 10-2 10-! 100
total width of 90% intervals
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Top Fit Posterior Probability Distributions

60
50

[ I Before 2021
This work

340
'y 30
=20
10
= = 0 : - . z 0
—0.02-0.01 0.00 0.01 0.02 0.03 0.04 -0.02 -0.01 0.00 0.01 —0.015 -0.010 —0.005 0.000 0.005 0.01(
CuB CuG c uW
2.5,
i Before 2021
1.5 This work ,_\2.0' AlS-
Z 15 )
=)l I~y t
g 9~10
1.0 Q)
= = 5
S5 =
0.0t 0t
—-0.25 0.00 0.2'(51) 0.50 0.75 1.00 -0.15 -0.10 —?3.)05 0.00
pu q Ct;q

SM@LHC 2024 - Lara Nollen 33



Top quark measurements included in the fit

Process  Observable ~ SMEFT operators  Experiment
1 do_ Coc cMS
dm(tt)
ttZ do Coc Cuzy Cpu €, ATLAS
de(Z) uG YuZ Y pu “eq
- do -~
tty C,aC, ATLAS
dpr(7) ¢
W Oy Coc ATLAS
ttH oy % B, Coc ATLAS
t—=>Wb  fo 1 Cow ATLAS
t— Wb I, G G ATLAS
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Drell-Yan measurements included in the fit

Process Observable Experiment /s Int. luminosity
pp — eTe”  Events, 68 bins CMS 13 TeV 137 fb !
pp — '~ Events, 36 bins  CMS 13 TeV 140 fb !
pp — 777~ Events, 17 bins ATLAS 13 TeV 139 fb~!
pp — ev Events, 40 bins ATLAS 13 TeV 139 fb!
pp — pv Events, 35 bins ATLAS 13 TeV 139 fb!
pp — TV Events, 10 bins ATLAS 13 TeV 139 fb~!

SM@LHC 2024 - Lara Nollen
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Flavour measurements included in the fit

Process Observable Experiment ¢* bin [GeV?]

B— Xy Bp 1.6 Gev HFLAV /

BY — K*y B HFLAV /

Bt — K*y B HFLAV /

B— X 70 B BaBar [1,6]
Arp Belle 1, 6]

B, — ptu B CMS /

B® - K*utyu Fuo P Pas Boo oy ey [1.1,6]

P;, P, P, P}

B — Kutu~ dB/dg? LHCb 1, 6]

Bt — Ktutu~  dB/d¢? LHCb 1, 6]

Bt — Kt uty~  dB/d¢? LHCb 1, 6]

B, — ut F;, Sy, Sy, S; LHCb [1,6]

Ay — Aptp dB/dg? LHCb [15,20]

B, — B, mixing  AM, HFLAV /

SM@LHC 2024 - Lara Nollen



